THE MAY 


SCIENTIFIC 
MONTHLY 


EDITED BY J. MCKEEN CATTELL 


‘THE INFLUENCE OF BODILY LOCOMOTION IN SEPARATING 
MAN FROM THE MONKEYS AND APES. Proressor HENRY 
FAIRFIELD OSBORN 


GROWING OLD AND THE SEARCH FOR AN ELIXIR OF LIFE. 
THE Late A, C, EYCLESHYMER 


MEANING, METHODS AND MISSION OF MODERN MATHE 
MATICS. Proressor Ropert E. Moritz 


THE ‘‘NITROGEN CYCLE’’ IN EDUCATION. Dr. Wituiam H. 
STONE 


SCIENTIFIC FANTASIES. Proressor D. W. HERING 
SCIENCE IN RUSSIA TO-DAY. PROFESSOR WILLIAM SEIFRIZ 


A STORY OF THE RISE OF A SOCIAL TABOO. Proressor KIM 
BALL YOUNG 


THE WIDER ASPECTS OF COSMOGONY. Dr. J. H. JEANS 
ACTIVITIES IN PLANT PHYSIOLOGY. Dkr. D. T. MacDovugaL 


WARD’S NATURAL SCIENCE ESTABLISHMENT. EmMEnriTUS 
PROFESSOR HERMAN L. FAIRCHILD 


THE PROGRESS OF SCIENCE: 
Theodore William Richards; Electrons and Wave Motion; Casting 
of an Optical Glass Disk 


THE SCIENCE PRESS 
LANCASTER, PA.—GRAND CENTRAL TERMINAL, N. Y. CITY—GARRISON, N. Y, 


Yearly Subscription $5.00 Single Copies 50 cents 








RECENT BOOKS OF SCIENTIFIC INTEREST 


with comments by the publisher 


Birds of the Ocean. W. B. ALEXANDER. 418 pp. 
$3.50. G. P. Putnam’s Sons, New York. 


A handbook for voyagers and for dwellers at the 
seaside containing descriptions of all the seabirds of 
the world, with notes on their habits and guides to 
their identification. Many of the species are illus 


trated. 
Economic Institutions, Wiu.Larp L. THorp. 300 
pp- $1.50. Macmillan Company, New York. 


It is the purpose of this book to examine the eco- 
nomic order now existing in the United States. The 
author analyzes our economic institutions under four 
heads: Machine Technique, The Price System, Pri 
vate Property and Business Enterprise. 

The American and the German University. 


CHarRLes F. THWING. 232 pp. $2.25. Macmillan 
Company, New York. 


The author has brought together a quantity of 
data on the first American students at German uni 
versities, the first German teachers in American uni 
versities and the influence of German university 
methods on American universities 


Laughter and Health. James J. Watsn. 190 
pp. $1.50. D. Appleton & Company, New York. 


Laughter and its value as an exercise in promoting 
and maintaining health is the subject of this physio- 
logical study for the layman. Its influence on the 
heart, lungs, stomach, liver and other organs is de 
scribed. 


Concerning Man’s Origin. Sm Arruur KEIrTuH. 
188 pp. $2.00. G. P. Putnam’s Sons, New York. 





The origin and evolution of man in accordance 
with Darwin's theory are presented in non-technical 
language. An attempt is made to answer the ques 
tion “ Why are we here?” 

Probiems of Polar Research. A series of papers 


by thirty-one authors. 458 pp. $5.00. American 
Geographical Society, New York. 





A symposium on the present unsolved problems in 
all fields of Arctic and Antarctic research and ex 
loration and how they should be attacked. Authors 
nclude Nansen, Coleman, Tolmachev, Stejneger, Ras- 
mussen, Bogoras, Stefansson, Drygalsky, Priestley 
and Byrd. 


In Quest of the Western Ocean. News M. 
Crouse. 469 pp. $6.50. Wm. Morrow & Com- 
pany, New York. 





A summary of the attempts made by English and 
French explorers during the 16th, 17th and 18th cen- 
tury to find a passage through the North American 
continent from the Atlantic to the Pacific. 


| Chemical Amusements and Experiments 


R. Gipson. 200 pp. J. B. Lippin 
Philadelphia. 

A book for boys and girls containing ¢! 
tion and explanation of chemical changes 
together with directions for carrying o1 
experiments and tricks. It is a volume ir: 
tific Amusement Series. 

The World of Atoms. ArTHuR Haa 
by H. 8S. Uhler. 133 pp. $3.00. D. \ 
Company, New York. 





The book intends to present to th 
reader the achievements of modern Aton 
in a brief and thorough manner. It incor 
lectures presented at the University of \ 
1926. 





General Introduction to ‘Psychology 
GrirFITH. 591 pp. $2.75. Maemil 
New York. 


A résumé of the entire field of psycholo 
major applications. After an explanation of ¢ 
principles, the author surveys the field 
child, social and abnormal psychology, ar 
cation to education and character. 





Physical Chemistry and Biophysics for Students 
of Biology and Medicine. MatTrurw § 
pp. $4.00. John Wiley & Sons, New \ 


The rudiments of physical chemistry 
in a manner especially adapted to the r 
of medical and biological students. Consider 
tention is given to the modern conc 
nature and structure of matter. 





New Physiography for Beginners. 
and others. 598 pp. $2.36. D.C. H 
pany, Boston. 


This physiography is based on the lat 
eries in astronomy, climatology and ge 
subject is treated under the headings: 1 
The Air, The Sea, The Land. These sect 
illustrated. 


South America Looks at the United 
CuaRENcE H. Harine. 243 pp. $2. 
millan Company, New York. 


A survey of our present standing among « 
ern neighbors, based on a year of reside! 
travel in South America, under the aus] 
Bureau of International Research of Har 
versity. 


Radio Engineering and Principles. 1 
and H. L. Brown. 295 pp. $3.50. Me‘ 
Book Company, New York. 





All phases of the science and practice of t! 
three-electrode vacuum tubes are given deta 
sideration. The electron theory forms the ! 
all functional descriptions, and the use 
matics has been reduced to a minimum 
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THE INFLUENCE OF BODILY LOCOMOTION 
IN SEPARATING MAN FROM THE 
MONKEYS AND APES 


By Professor HENRY FAIRFIELD OSBORN 


rOR OF VERTI 


By far the most interesting problem in the ablest and 
nthropology to-day is that of our Ter man ancestry o1 
tiary ancestors. Were they ape-men or Sir Arthur Keit 
Dawn Men? If we were to actually dis Smith. Professor 
wer the complete skeleton of a pro-man- ory, Professor 
n Lower Miocene or Oligocene time, Professor Freder 
vould it be more like a man or more like’ .J. Morton 
nape? The latter opinion is the widely a much more 
prevailing one at the present time, and = Ilermann K| 
against it I raised, at the bicentenary ent races of ma 
meeting of the American Philosophical races OL anthro; 
Society last April, what I call the Dawn Against s 
Man theory, and I went so far as to” and widespread 
stigmatize the ape-man theory asa myth. character and 
Myth, derived from the Greek word youthful Davi 
muthos, signifying ‘‘legend,’’ is defined mighty Goliat 
as ‘‘a legend; a traditional story, often on either sid 
ounded on some fact of nature, or on and friendly co 
in event in the early history of a people, —solutely conelusi 
ind embodying some religious belief of Goliath may throw 
hat people.”” What I term the ‘‘ape- than David’s! 
yth’’ rests upon no such slender evi- quarters it is alle 


‘e as a single fact in nature; it has’ the theory of the 


grown up through more than a century much more pr 
substantial observations in zoology course, is the ver 


0 


d comparative anatomy; it is but- Dawn Man theory 
tressed by recent discoveries in the de- which may be expresses 
opment of the human brain, in the Man sprang fro 
embryonie and foetal development of arboreal 


mM 


bp rt 
by many facts in the fossil history restrial) highe) 
A » A j 

nan, and it is now supported by all known as ‘*‘anthi 


e Winston Simplified Dictionary, 1926. nearer resemblane 
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monkeys, baboons and lemurs The jing 
ers of the hand broad 
and separated, the thumb well de veloped, 
with grasping the toes of the 
ancestral foot, contrary, were 
brought together, and the toe was 
slightly N¢ parate d. Th “us hoth the 


hand and foot these pro human anthro 


anNCe# stral mere 
power; 
on the 


big 


in” 


poids were adapted hoth ta tree and ta 
Neither hand 
Spe ialized for é rireme 


ta he disabled for 


early tool-mak ing power of the hand and 


ground progresston ner 


foot was so tar 


? horeal life “18 an 
for a nearly bipedal and cursorial powe r 
the f¢ et the 


pro-h Moan br fin conserve d the ale rtness 


of limbs and Similarly, 


of all smaller primates im the terrestrio- 
arboreal stage but retained the potential- 
ity of directina separate motions of the 


fingers and thumb in shaping defensive 


and offe nsive ur apons, and the pote ntial- 
the 


ity of directing rapid motions of 
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3ON ADAPTED TO HYPI 


4 PARAMOI PHO 


limbs and feet in bipedal 
defensive and offe nsive, 
This theoretic picture of ada) 
habit Man 
Man ancestors is, in my 
the 
structure of th 
These 


motor organs afford evidence of 


in our Dawn and pi 


Opinio! 
sustained by embrvor i¢, tl 
the adult 


t¢ OT. 


and 


hand and prenat 


adaptation far antecedent to the 
§ pet ialized brac hiatina or limb Sif 
hand and limb grasping foot 

thropoid apes In other words, 
ing to the Dawn Man theory th 
family branch scientifically know) 


Hominidas 


perhaps Upper Oligocene time 


has since Lower Mioc¢ 


dependent from the ape branch 


as the Simiidae or snub-nosed p1 


The innumerable resemblances | 


apes and man in functional, anaté 


psychical and physiognomie chi 
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by the Dawn Man theory, inter 

d partly as parallelisms or conver 

ss and partly as heritages from a 
4] 


on stock technically known as the 


ate Orde An hropo de j 


ORIGIN OF THE APE-MAN Mytu 


gy prehis 


The ape-man myth hi longs 
The natives of the East Indies 

» observed the vibbon and the orang 

d the natives of Africa who observed 
chimpanzee and the gorilla indepen 
ntly assigned human names to these 
thropoid apes. Early naturalists, such 
De Bry (1598), Hoppius, a pupil of 
jnnaeus, Tyson (1699), represented the 


es as Walking erect, and they supple 


nented the accounts of explorers by ex 


uw 


vgerating human resemblances. The 


trong resemblances of the apes to man 


as cited by Buffon in a veiled sugges 


tion of relationship. Lamarck went fur 


ti 


) 


‘ 


ws 


r and said that in the evolution of 
an from the ape the erect position was 
ecessary to free the hand. Du Chaillu 
is forced by his publishers to exag 


rerate human characteristics of the 


orilla, and the French sculptor Kremiet 
into bronze the mythical stories of 
gorilla in erect attitude closely re 
mbling man. Recently Carl E. Akeley 
emonstrated the true locomotor habits 


on all fours—of this giant ape, con 


irming the accurate observations of se\ 


naturalists. Haeckel, like other 


arly disciples of Darwin, grossly ex 


everated the ape-human resemblances 
is “‘Anthropogenie’’ by placing ape 
ons all alike in a false erect posi 
while Huxley in his masterly 
’s Place in Nature’’ contended, 


by Robert Haver 
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the Gorgon’s spell; petrify. 
or’gon-z0'la, 1 gér’gen- 
20'la; 2 Z6r’gon-z0'la, n. A 
cheese of pressed milk made 
at Gorgonzola, Italy. 
‘o-ril’la, 1 go-ril’a; 2 Zo- 
ril’a,n. A manlike and 
ferocious African ape 
about five and a half feet 
in height, with a massive 
body and limbs. [< Gr. 
gorilla.) 
s0r’ki, 1 gér’ki; 2 g6r’ki, 
Maxim. See PYESHKOV. 
sor’mand, }1 gér’[or 
sour’mand, } giir’] mand; 
2 @6r'[or Zur’}Jmand, n. 1. 
Aglutton. 2. An epicure; 
gourmet. [< F. gourmand, 
glutton.) — gor’mand-ize, 
ot. & ot. [-IZED; -1Z"ING.] 
To eat voraciously. gor’= 
mand-ise}. — gor’mand- —- 
iz”er or -is”er. » 


THE GORILLA AS DEFINED AND PI RED 











ing the degrees of resemblance between the 
beings which are to be classed. 1874, p. 199 


If man had not been his own elassifier, h« 


never have thought of founding a 


sepa 


would 
rate order for his own reception. L874, p. 
201. 

equently, hardly be a doubt 


There can, cons 
that man is an offshoot from the Old World 
Simian stem; and that under a genealogical 
point of view, he must 


1874, p. 206. 


be classed with the 


Catarrhine division. 


If the nthropomorphous apes be admitted to 
form a natural subgroup, then as man agrees 
in all those characters which 


with them not only 
ommon with the whole Catar 


he posst sses In ¢ 
rhine group, but in other peculiar characters 
we may infer that some ancient member of 
the anthropomorphous subgroup gave birth 
man, 1874, p. 206. 

But a naturalist would 


or a monkey an ancien 


undoubtedly have 
ranked as an ape t form 
which possessed many characters common to the 
Catarrhine and Platyrrhine monkeys, other 
characters in an intermediate condition, and 


some few, perhaps, distinct from those now 


found in either group. And as man from a 
genealogical point of view belongs to the Catar 
rhine or Old World stock, we must conclude, 
the conclusion may revolt our 


however much 
have 


pride, that our early progenitors would 


been thus properly designated namely, as 
monkeys]. (1874, p. 207. 


It is therefore probable that Africa was 
formerly inhabited by extinct apes closely allied 
to the gorilla and chimpanzee; and as these two 
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Gorilla. 
1/37 






in Ss nearest 


what more probable that 
lived on the African continent than 

1874, p. 208. 

The Simiidae then branches i 
great stems, the New World and O 
monkeys; and from the latt t 
period, Man, the wonder and glory 
verse, proceeded. 1874, p. 221 

The foot was then prehensile, judg 
the condition of the great toe 
and our progenitors, no doubt, we 
in their habits. 1874, p. 215 

Nearly all the other and more 
ferences between man and the Quad: 


manifestly adaptive n their nat 
chiefly to the er 


structure of his hand, 


et position of man; § 


foot and pr 


vature of his spine and the pos 

The family of seals offers a good 

of the small importance of adapt 

for classification. Thess inimals 

all the other Carnivora in the forn 

bodies and in the structure of their 
does man from the high 


more than 
systems, from that of 


in most 1\ 
bv Mr. Flower, 


most recent one . 
ranked as a mere family he O 
nivora. (1874, p. 200 


From what we see going 


on under 
learn that some of the co-d 


tion, we es 
of the same species may be not 
little, and some greatly changed, all w 
same period. Thus it may have beer 


who has undergone a great amount of 
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recent views of William King 
wy, as fully detailed in his succes 
n asterly papers since 1916 (** Noth 
s Memoir,’’ ‘‘Our Face from Fish 
an.’’ ete.), have been summarized 


m (1928) as follows: 


surprising 


with Darwin’s, 


independently 
secant kn 
e 1916, | | 
ew that man in offsho oO rly The 


er of the anthropoid 


cause it conti 


related to some 
thecoid 


itives are the ch 


present theor 
rT up . 


{ 
= 


lowing | 


fer not to quibble wou heth t ong erature, 

















THE ARBOREAL, LIMB-SWINGING, BRACHIATING O 


VIATED THUMB, SPREADING BIG 1 Com sy NE 
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Fic. 5. THE SECONDARY ARBOREO-TERRESTRIAL CHIMPANZEE, WITH POWERF' 
ANGULODACTYLY ), GREATLY ABBREVIATED THUMB, ENLARGED BIG TOE. FULLY ADU! 
TESY NEW YORK ZOOLOGICAL PARK. 


in his notable address*® before the British thropoids of the Miocene jungles ws 


\ssociation, concludes : ancestral forms of human teeth. 


It is useless to go to strata st 





No one can compare the teeth of the(se the Miocene in search of man’s 
Miocene anthropoids with those of primitive gych strata we have found on! 
man, as has been done so thoroughly by Dr. emerging anthropoids. All th 
William King Gregory, and escape the convi at our disposal supports the conclus 
tion that in the dentitions of the extinct an man has arisen. as Lamarck and Darw 


Sir Arthur Keith: ‘‘Darwin’s Theory of pected, from an anthropoid ape not hig 


Man’s Deseent as it Stands To-day.’’ Pres the zoological seale than a chimpat 
dential address to the British Association, that the date at which human and anth 


Leeds, England, August 31, 1927. lines of descent began to diverge lies 
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g of the Miocene 
if reckoning, that n :' 
i ¢ manal arboreal brace! 
t quits ol Ou j n years. 


CeSTOrS in contrast 


aneestors of the anti ropoid apes, | reac! 


s the highest British authority widely different coneh 


and the highest American au 


iIsions tron n 
colleagues as to the relationship of 
Gregory) of the present time — to the apes. 
not only as to man’s strong kin 


to the apes but as to man’s descent Proor OF MAN’s KINSHIP 
a primitive ape-like form more All pioneers in Ss most inte! 
sely resembling the chimpanzee than discussion have natur 


atlv Tended to aw 


but less specialized in ape-like upon the resemblances in the brain 
bits than the orang. other organs rather than to summi: 
When we concentrate our attention on the 


profound difference n 
the Torm and functions of the hand and locomotor organization 

Gregory November 
compiled tables (not 
an which he entitles 


foot, on the relative proportions of the 
mbs. on the age-lone effects of the bi 
edal cursorial habit of our own 











THE WALKING, JUVENILE CHIMPAN 


KS (ANGULODACTYLY ), SHORTENED LEGS. 


AND MUCH LESS EXTREME THAN IN THI 
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characteristically human diseas 
reproduction and development, 

nomena; (3) fundamental habits 
cial and family life; (4) in anoth 
of characters, namely, the trum 
vertebral column, the fundament 
tions of the limb arches to th: 
such as the loss of the caudal \ 

tail), change of function in 

muscle, shortening of the lumbar 
foetal proportions of the limbs 

numerable other foetal charact 
kinship is equally strong. Thi 
physiological and organie differer 
in large measure supported = b 
axial and by foetal limb stag 

There are marked resemblances 
lips, mouth and throat, in the sti 
of the tongue, mouth glands and 
and (6) in the endoerine systen 


sense organs, the aecessory point 


; 








hearing, in the eves and vision 





Fic. 7, THE KNUCKLE-WALKING, QUADRUMAN striking likeness between man 
anthropoid apes, as especially at \ 
PRONOUNCED ANGULODACTYLY. THE PROLONGED . . one. 

bv the brain studies of Elliot Smit 
LIMB-SWINGING USE OF THE FINGERS PREVI : x 


A, ** DINAH,’’ DUE TO 


GAI OF THE Gort 





THE OPENING Of} rit HAND AND ENFORCES HIs = =z 


KNUCKLE-WALKIN( PROGRESSION, Col 


NEW YORK ZOOLOGICAL SOCIETY 


of Man’s Kinship to the Anthropoid 
Apes.”’ These tables are checked to in 





dicate (a) substantially identical condi 
tions, (b) nearness to man, (¢) marked 
resemblance or approach, (d) interme 
diate conditions, (e) radical differences 





or contrasts, (f) occurrence as variants, 
@”) occurrence as vestiges, h norma! 
condition. Summarizing the recent work 
of Tilney, Schultz, Straus, Keith, Land 
steiner, Woolard and others, and the 
earlier work of Retzius, Hubreecht, Sonn- 
tag, MeGregor, Selenka, Deniker, Po 
cock, Bolk, Reichenow. Huntineton, 
Todd, Willis. Boas, ete., the conclusion 


is reached that ‘‘the evidence for man’s 








Fic. 8. THE SOLE OF THE FOOT 01 

. , , . **DINAH,’’ SHOWING THE GREATLY 
kinship with the anthropoids and for  .. cpeeaprse Ric TOE AXD TH! 
arboreal derivation is now overwhelm SHORT, APPRESSED TOES. COMPARI 
ing,’’ especially in the following char-  porran numan reer (Flies. 9, 1) 
acters: (1) general physiology: blood Genera. resemBiance. Courtesy N 


and chemical reactions, susceptibility to ZOOLOGICAL SOCIETY. 








MAN 


In brain and mental 


from the time of Flechsig, 


filney. 7 
the strong 
cerebral 


resem 


of superficial 
‘e of the ape to man have been in 


singly observed and have recently 


extended in Tilney’s studies of the 
ntral brain structure and tested by 
Yerkes 
careful study 
tables that the 


f stablish 


remarkable psychiatry of 


will be observed by 


Gregory s kinship 


. , 
f characters which 


the 


preomileve 


wily “a 
] 


rropoid apes iQ 


also 


kinship ot anti 


are characters DOS 


ed hy ad 


ipod 


trons ot 


, 
ond remote, 


They 
reproduction, ol 


CUoMmiton ai 
subserve 
the 


relation 


stem rune 
sense 
vans. of social and family 
ship, of the central part of the skeleton, 
vhich are equally serviceable to anthro 
poid primates which may differ 
n locomotor habit 

Let the ar 
thropoid apes from the standpoint of 


bodily 


widely 
structure and 


us therefore reexamine 
locomotion in 
life habits and 


actions and 


its direct bearing 
all the 
the limbs 
eet and hands, especially of the hands 


pon upon pss 


nic reactions of 


INFLUENCE OF BoptLty LOCOMOTION 


As to which anthropoid comes nearest 
to man Gregory’s generalization from 
the hundreds of descent observations is 
as follows, in descending order: 
Modernized man 
Primitive man 
Chimpanzee of the 
Gorilla of the 


Orang of the East 


Afr ean 
African forests 
Indies 


Indies 


to t 


! 
ests 


Gibbon of the East 
Old World month 
New World monkeys 


Tarsius 


eys 


Lemuroids, lemurs 


The known ancestral 
elationships to each other of these va 
ri the ot 


in a after 


phylogenetic or 


) 


s branches of vreat order 


Primates is shown chart 
Gregory. 

Habit is king, because function rules 

locomotor organs 


and ultimately 
rmines their structure, whereas the 


AND 


APES 


inet 
new 
which Gu 
dinal evolut 


ocomotor 


iess CONSPICUO 


Common 


ancestral 


But the genet 
‘terrestrial ”’ 


fully ela 


of habit. of 


Analysis ol foot 


veals the follow 


SPCOnCdaAT \ 


and 


Stone Ag 


Recent man, ; vell as 
well-know1 
lleidelberg 


neo 


ineluding now 
Nea erthal. 


Piltdow) 


man, 
Cro-Magnon, 
Trinil and types, does 


exhibit in limb structure or in hand 
foot 


the 


on the hypothesis that mar 


structure, so far as known, any 


essential arboreal adaptations, b 


s descend 
tree-living 
foetal 


life 


from a ape type, embryo 


‘ 


and 


reminiscences ol 


should be 


orme 


arboreal apparent. Th 
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most important 
cursorial habit is shown in limb propor- 
in the relative length of the arm 
and of the limb 
differ widely in various arboreal types, 


tions, 
But limb proportions 


as demonstrated by Morton‘ in his table 


of ratios. These ratios are discussed by 


Gregory as follows: 


ARM AND LENGTH INDICES IN APES 


MAN 


LEG 
AND 


ntrast between the irboreal 


hype 


the hyper-cursorial |man] types is 


illustrated in Dr. Schultz’s drawing 
fetal and adult 


contrasted. 


in which the stages of anthro 


This 
paper on 


and man are diagram 


poids 


beginning of his 


Man and Other 


s at the 


Growth of Primates.’ 


‘Dudley J. Morton: ‘‘Human Orig 
Ame Journal of Physical 
Vol. X, No. 2, April-June, 1927, pp. 1 

William King letter to 
November 23, 7 


inthropology, 


rican 
73-203. 
author, 


Gregory, 


1927. 


effect of arboreal or of 
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HUMAN FOI 
NOTI Hk 


AFTER SCHI 


from 
of hand, in relat 


No recorded mea 


Arm length 


surements 

arm extend 
qua i 
brief tabl 


ing the length of the 
ball of the hand (as in the 
of the monkey), but a 
total length 


height. If 


verte br i 


ton) shows the 


terms of sitting 


. 
t (first dorsal 


s taken 
] 


of the humerus and ul 


orso 
ischium as unity, 


na 18 i 


In typical 


cursorial mammals 
dog 

In Notharctus 

In Lemuroids 

In Old World monkeys 

In Man 

In Chimpanzee 

In Gorilla 


In Orang 


Eocene lemut 


In Gibbon 


Leg length from head of femu: 
heel, in relation to trunk. 
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urement 


Krom ti 
lv from Mort 


Y” CONCLUSIONS 


hot} ha 


The following madices were 
lleeted by Dr. H. L. Shapiro, 
nerican Museum staff (le 


r November =. 1927 


j + ] 
derthal 


inzet 


LOWER 


Bade n 


npanzec 


B iden 


mpanzee 


g-utan 
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Fig. 12. EARLIEST SPREADIS OF THE EMBRYONIC HUMAN HAND 


GREATLY ENLARGED ry Z AND CUMMINS, OBSERVE THE WIDELY 


OF ANY 


limb proportions is that as we ascend 
from the quadrumanal through the bi- 
pedal to the arboreal types of primates 
the arms progressively lengthen and 
the legs retrogressively shorten; on the 
contrary, when we descend from the 
arboreal through the quadrumanal to 
the eursorial type the arms progres 
sively shorten and the legs progressively 
lengthen. 

In the developing human infant, as 
clearly shown in the recent diagram of 
Schultz, the arms progressively shorten 
and the legs progressively lengthen. 
The human infant, therefore, in its early 
foetal stages has long arms and short 
legs, whereas in its late stages before 
birth it has arms and legs of nearly 
equal length. In this important re- 


spect the developing human being sus- 


tains the arboreal theory of human 
deseent. In one of Sehultz’s valuable 
figures, however. it will be observed 


TRACE OF ANTHROPOID API AFFI 


that the hands and fingers have bee: 
intentionally elongated by the draug 
man, since the hand and fingers dif 
widely from the proportions show) 
Fig. 11 (hand of the foetus of 
week 

The developing human hand 
trated by Retzius and more rec 
Schultz does not appear to 
support to the ape theory 
descent. From the earliest 
served, the fingers are short and spr 
ing, and at no stage do they giv 
evidence of the elongated hook-like 
characteristic of all the anthropoid ay 
They develop gradually in length 
spread apart in preparation for 1 
use in the crawling position of int 
with relatively short, spreading fing 
rather than for the limb-swinging 
brachiating function with closely 
pressed and elongated fingers. No 
watching the marvelous flexibility 
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ehtning-like innervation of the 
rs of a great pianist like Pade 
i or Horowitz, in which each finger 
each joint move independently of 
other. ean conceive of the descent 
wonderful adult human hand 
the brachiating type of the ape. 

s rather derivable from the limb- or 
nech-walking and clinging type of 
of certain of the monkeys and 
ENSIVE OBSERVATIONS ON THE LIMBs, Deseo 


kevs ol 


HANDS AND FEET OF MONKEYS AND 
APES 


With the rich resources in living pri there 


, 
' ? 
and Ot 


Is i 
S of the New York Zoolovgieal Park and Loot, owing |i 
rator Raymond L.. Ditmars, aided by primitive limb-wal 


n R Sanborn, has been photo In the anthropo 


raphing and closely observing the uses strikingly un 


the hand and foot in lemurs, mon highly 


Speci 


vs and apes The types especially 


imined ar 


animals present all the phases Tl the 
irboreal habit, from the slow-moving longer quadruma 
ir and potto, which progress chiefly 1S completely tra 
mg the limbs and branches of trees, handlike funetions 
to the highly specialized and brachiating its footlike funetior 
spider monkeys,’’ which parallel the jnto a hand. T! 
bbon in the power ot rapid progres widest possibl 


among the treetops. The limb In- _ tion in the Bima 


s and ratios of these animals have applied to the 


been taken, but they indicate this whieh the hand 


rression to arboreal adaptation: super-hand and 


alanced lencth of fore and hind limb foot, splendidly 


teady elongation of t re | plantigrade cursor l\oOcomMmo+;pol 





598 THE SCIENT!I 


Accepting Dollo’s dictum that evolu 
tion is never reversed, that lost organs 
are never regained, we do not conceive 


if possible that the brachiatine anthro 


poid could reverse the whole direction 


of its evolution, regain its lost powers 


and diminished organs and set out in 


an entirely new direction into the bi 


manous pro-Dawn Man type 


McGrecor’s NoTes ON TREE SHINNIN( 
AND Erect ATTITUDE IN APES AND 
MAN 


The distinctively human powers of 


locomotion. ol dexterous use ot the 


hand and thumb, of bipedal and erect 
attitude, flash out here and there among 
the anthropoids as vestigial functions 
It appears that in previous papers | 
have made certain misstatements in this 
connection, which I can best correct by 


quoting directly from my _ colleague, 


J. Howard MeGregor. who writes. Jan 


uarv 3, 1928 


You speak® of mai 

embracing the trunk 
‘*No anthropoid 
this power, 


oe va 
ce, ne uy 


Il wish you could have se 


three years ago when Miss Cunningha 


or 
tain Penny and I took him in 
in Newark. There was a 


t trees, I sl 


} 
anches 


inches in diameter and 


than nine or n feet from the ground. 


very much interested e him rush 1 
up the trunks of these trees, very much as 
boy would have climbed them, though of course 
his arms being k ger and his legs shorte P.. th 
knees seemed | ject less than in the ¢ 

boy. He did not exactly embrace the 
with his shins, but placed the soles 
against it—very much like the men 
tograph from Lang which you publish. He 
seemed to enjoy climbing these trunks; ther 
were several varieties of trees and he ran from 
tree to tree, climbing in all a considerable num 
ber—I should savy certainly six or eight, 


‘*Man Rises to Parnassus,’’ p. 180; fig 
‘Young gorilla trained by Miss Alyss 


ningham., 


KI 


( 


; 
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emel 


papers on 


This is probably 
m look ny 


} 


somewh 


‘* The 


vody, 


whi 


+ 


arms being longer 


not 


} 


mat 
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; 


orw 


he nh 


sw 
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minZ 


stoop as mut 


} 


t makes 


ird, 


them thus maki g 


When it 


! 


is 


iupe 


I) 


s 


Tatemenft 


assumes tT 
said 


body by 


mv obser 


iced that he verv frequent 


and 


I 


moved the arm 


; 


1O 


1 


‘ 


often taking 


of course in 


) 


fairly ere 


ible that so 


} 
( 


few 


on 


me 


; 


+ 
i 


n 


} 


mes 


er 


y 
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gether, like the rack ng 
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iorse, 


This was bh 
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me 
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of 


or 


when i 


pacing 


ins his hal 


the same 
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soon to hav 
te the anthr 
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use 
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GROWING OLD AND THE SEARCH FOR AN 
ELIXIR OF LIFE’ 


By the late Professor A.C. EYCLESHYMER 


Ix youth, the elastic, sturdy and As the great Hogarth’s life was « 
vigorous body adapts itself most com- ing to a close he painted a most r 
pletely to its surroundings. We find, as able picture. On the canvas he : 
Lubbock has said, that ‘‘every sort of sented a broken bottle, a cracked ly 
beauty has been lavished on our allotted  unstrung bow, the signboard of a 1 
home; beauties to enrapture every sense, called ‘‘The World’s End’’ fa 
beauties to satisfy every taste; forms down, a shipwreck, the horses of P} 
the noblest and loveliest, colors the most lying dead in the clouds, the moon 
gorgeous and the most delicate; odors last quarter, and the world on fire 
the sweetest and subtlest; harmonies the thing more,’’ said Hogarth. ‘‘and | 
most soothing and the most stirring.’’ done’’; he added to the picture a br 
The heart throbs, the senses quiver, and palette. It was his last work ar 
the brain overflows. We are in fullest represented the last days of humar 
appreciation of all nature. The human heart loves life in its 

As the years pass by, the body loses ness and yearns to prolong the peri 
in elasticity, strength and vigor. The youth. It recoils from the strugek 
eve is not s okeen, nature’s colors are old age and ever tries to exelud 
not so bright; the ear is not so acute; thought which brings but sorrow 
we listen more intently to catch distant pain. All the ideals, the dreams 
sounds: memory is not quite as reliable; Visions of immortality eenter are 
reason not quite as trustworthy; the love the conservation or restoration of 
of both work and pleasure is a little less ; tive body or mind. or both. No on 
a few clouds appear on the horizon. We ever pictured the continuation of si 
searcely know that the summer of life processes in the life bevond and thr 
is passing and that old age is approach eternity. 
ing so quietly and gently. The question of growing old is o1 

The body becomes bent, rigid and such moment that it has attracted tl 
fragile; the teeth decay, the hair falls’ ers of all ages. Patriarchs and prop! 
fire, 


out. the dried and wrinkled skin shows philosophers and theologians, magic 
other 


dark varicose veins; memory and rea- and scientists have each tried to 


eases 


son are fast going; ambition and pa- some means of restoring vouth or 


talis) 
evil. 
W 
think 
of th 
laws. 
Al 


for many persons the saddest of all. forth his hand and take also of the hon 
; den 


of life, and eat, and live forever. : 
centuries the idea prevailed that t! whie 
whic 


tience give way to despondency and _ yenting old age. 

irritability. The cold, dark clouds of Biblical narrative teaches us 
life’s winter are gathering; the ghastly there was a ‘“‘tree of life’’ in the Ga 
image of old age is ever near and haunts of Eden. After Adam had eaten of 
us through the long restless nights. The fruit of the ‘‘tree of knowledge.”’ 
scriptural formula ‘‘three score years thereby knew good and evil, the L 
and ten’’ makes the seventieth birthday sent him from the Garden ‘‘lest he 


1 This manuscript left in incomplete form by 
Dr. Eycleshymer on his death has been prepared 
for publication by his friend, Dr. E. P. Lyon. must be, somewhere, a tree which 
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intended by the Creator to preserve man 
from disease and death. The search for 
the t-ee of life was carried far and wide. 
Some thought it to be the aloe, others 
the cedar, still others the amber. The 
hellebore, the and other 
their balsams and infusions also 


dark crocus 
herbs, 
were thought to give new life. 
The stars next attracted man. 
commonly believed, by the Egyptians 
and long after them, that the constella- 
tions and planets possessed either good 


t 


It was 


or evil qualities which were given to 
those born under them. Astrology ap- 
pealed not only to the ignorant but to 
the educated. Priests, poets, philosophers 
and physicians devoted much time to the 
easting of horoscopes. They could read 
in the heavens, so they thought, the day 
of birth, the peculiarities of life and the 
day of death. If it were possible to fore- 
tell the day of death, were it not possi- 
ble to carry a life beyond the fixed date? 
This the astrologer attempted by locating 
the star causing the disease, and then 
invoking a beneficent star to annihilate 
the effects of the malignant one. 

Since the metals were thought to be 
intimately associated with the planets, 
it was natural that the astrologers should 
advise the wearing of amulets or figures 
which had been cast, stamped and sub- 
mitted to the influence of the stars, there- 
by imparting to the metal a subtle 
charm. Some talismans protected from 
fire, prison, wild beasts and the like; 
others were struck for the various dis- 
eases and finally, by adroitly mixing, 
talismans were cast which kept away all 
evil. 

When astrology lost its influence over 
thinking people, through the discovery 
of the Copernican system and Newton’s 
laws, alchemy became its successor. 

Alchemy was based upon the assump- 
tion that somewhere among nature’s hid- 
den treasurers there was a substance 
which would produce gold from metals 
which contained no gold. The alchem- 
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not slow in realizing that so 


much gold would be of little value un 


ists were 
less the life of man \ ‘e long enough to 
spend it. 
find an elixir which would 


ease, prolong life and restore 


Renewed efforts were made to 
prevent di 

youtl lo 
con 


what extent 
sidered the philoso} her’s stone and the 


the Spagyrie writers 


elixir of life identical IsSa q lestion By 


some, the elixir of life was said 


By 


like sea-water; by like port 


sherry wine; still 


thought 


be an invigorating 
est number it was 
vold. 

The for 
limpid golden rays upon the earth 
had given to the earth power to 
back life. Each winter death fell 
the earth, but with the return of s; 


It was thought th: 


sun, had poure¢ 


ages, 


life came again. 


sun must be the source of life 


went so far as to place open jars in 


sunshine during the summer and th 
collected the 
dust they 
powder which 
Others thought that the sun’s rays went 
deep into the earth, and when a , 
search revealed mineral gold, 

lieved to be the s 

life-giving rays were held fast. 


dust in the autumn; 
} 


regarded as the real solar 


would give new life 


} 


ibstance in 


As early as the eighth century, Gerber 
compounded a red elixir from gold, 
which he claimed would rejuvenate old 
people. the twelftl 
and thirteenth centuries became divided 


seeking to trans- 


The alchemists of 
into schools, the one 
mute the base metals to gold, the other 
trying to find that special potion whic! 
would cure all ills, preserve youth and 
prolong life. 

The transmutation of 
same the chief aim of alchemy, the love 
of life being gradually replaced by the 
love for gold. Moreover, it was easy to 
show an apparent 
metals by clever tricks; but no deceit 
could show the return of youth in the 


ayved. 


metals later be- 


transmutation of 
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The last serious attempt, on the part 
of the alchemists, to discover or com- 
pound an elixir of life was in the early 
part of the sixteenth century when a 
Swiss alchemist, commonly known as 
Paracelsus, who had studied deeply in 
chemistry, announced that ‘‘man is a 
chemical composition; disease causes an 
alteration in this composition; it thus is 
necessary to use chemical means to com- 
bat disease.’’ Paracelsus thought that 
he had discovered how the vital spirit 
was formed and even went so far as to 
state that he could create men in an 
alembie. He burned the books of Galen 
and proclaimed that there was no dis- 
ease he could not cure, nor life he could 
not prolong. So great became his 
notoriety that people flocked from all 
parts of the continent to be treated. It 
was later found that his ‘‘great elixir”’ 
or ‘‘vegetable sulphur,’’ as it was called, 
was nothing more than a mixture of the 
extracts of aloe, myrrh and saffron. 

In the days of the patriarchs, the idea 
arose that blood was the life fluid. Thus 
we read, in Deuteronomy, that flesh may 
be eaten but not blood. ‘‘Only be sure 
that thou eatest not the blood, for the 
blood is the life; and thou mayest not 
eat the life with the flesh.’’ In ancient 
Rome, before the vast gathering in the 
Coliseum, the bleeding gladiator ex- 
claimed: ‘‘Ave, Caesar, morituri te 
salutant!’’ As he thus saluted Nero, 
Roman women suffering from epilepsy 
rushed to the arena to drink the blood 
as it gushed from the fatal wounds. As 
time passed the blood was regarded by 
an increasing number as the life carrier, 
but the scriptural admonition kept man 
from using it to any extent until the 
time of Louis XI who, it is said, made 
real the fable of the vampire by fre- 
quently drinking the fresh blood of chil- 
dren as a means of rejuvenating himself. 

About the middle of the seventeenth 
century, the art of transfusing blood 
arose. This was done by opening the 
vein of one animal and, by means of a 


ee 


tube, carrying over the blood into 
vein of another animal. This was tri 
on horses and it was said that by trans 
fusing the blood of a young horse int 
that of an old and decrepit one, the old 
horse became a colt again. It was als 
said that courage could be transfused 
into the timid by using the blood of t 
wild, and that the wild could be subdu 
by using the blood of the timid. 

In 1667, Denys, of Paris, transfus 
about a pound of ecalf’s blood into t 
veins of a maniac. This was twic 
peated. The patient died and his wit 
brought suit against Denys. This r 
sulted in transfusion being prevent 
by law, and for more than a hundred and 
fifty years this method was not prac- 
ticed. When revived by Blundell 
Diefenbach and Magendie, it was again 
fraught with dangers and was but 
tle used. 

Later, it was found that the blood o! 
an animal undergoes dissolution wher 
the blood of another species is trans 
fused. The researches of Ehrlich a 
Morgenroth on haemolysis have given | 
a fairly clear understanding of this pr 
ess. 

Another supposed panacea, wi! 
must have been of very ancient origi! 
was based on the belief that the flesh « 
the serpent himself must be an antidot 
against his own death-dealing venon 
In the early part of the ninth centur 
Avicenna tells us that ‘‘the flesh of th: 
serpent when duly prepared forces all 
the humors to depart. It also prolongs 
life, maintains the faculties of the bod) 
and preserves youth.’’ Roger Bacor 
several centuries later, expressed great 
faith in viperine flesh which, however 
he observes, should not be taken except 
when the sun ascends. 

Among the older methods adopted for 
the prolongation of life was the Gero- 
comic which held that the primitive life- 
giving substance was to be found in its 
purest state in the breath of innocents 
Thus the custom arose of breathing in 
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new life and vigor through close contact 
with the young. David, King of Israel, 
employed this method to prolong his 
life. Hermippus, who is said to have 
conducted a girls’ school in Rome, 
thought that by inhaling the pure breath 
of the young maidens he had prolonged 
his life a number of years. Even in the 
latter part of the eighteenth century, 
Boerhaave assures us that by bringing 
the old in close proximity to the young 
the old are greatly invigorated. 

During the latter part of the eight- 
eenth century, the French capital was 
thrown into a state of great excitement 
by Frans Mesmer, who conceived the 
idea of making magnets which he sold 
as a remedy for toothache, neuralgia, 
rheumatism, ete. Being successful in 
this venture he went a step further and 
maintained that great magnetic force 
emanated from his person. He brought 
forward many people who proclaimed 
his healing power and who were firmly 
convineed that at will he could dispense 
pleasure or pain to mankind. 

One of Mesmer’s disciples wrote of his 
powers as follows: 

Behold a discovery which will bring invalu- 
able advantage to mankind and eternal fame to 
its author! Behold a _ general revolution! 
Other men will inhabit the earth; they will be 
checked in their careers of life by no weakness 
and will be acquainted with our evils only by 
tradition; mothers will suffer less from pains 
of childbirth, and will bring forth stronger 
children who will possess the activity, energy 
and courage of the old world. Animals and 
plants, alike, susceptible to the magnetic virtue, 
will be free from disease; flocks will more easily 
increase; the productions of our forests will 
have more vigor; the trees will produce more 
beautiful fruit. The human mind in possession 
of this agent will perhaps present to nature 
effects still more wonderful. Who can know 
how far its influence may extend? 


A commission was soon appointed by 
the French Academy of Science, under 
the direction of Dr. Franklin, to investi- 
gate the claims of Mesmer. The mystery 
was solved, the false claims discounted 
and all that remained was ‘‘animal 
magnetism,’’ or, as we say, hypnotism. 
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The wanderings of Ponce de Leon in 
quest of the fountain of eternal youth, 
the transformations of the Navaho’s re 
vered goddess who fTOWS old and at will 
the 
self-inflicted 


eating of 


tor- 


becomes young again, 


powdered mummies, 
all belong in 

F'olk-lore 
attempts to 
rid the body 
The 


were 


tures, burning of witches, 
the same general 
and history are filled with 


category. 


restore youth, prolong life, 
of disease and drive out evil spirits. 
earth, the air and the 
thought to be the abiding places of ill- 
Old age, and 
thought of as entities restlessly flitting 
hither and thither, 
descending upon mankind either by 
the behest of 
witches, demons or angry gods. 


heavens 


ness. disease evil were 


hovering over and 
enemies 


Plead- 


ings and prayers, infusions and balsams 


chance or at 


extracts and excrements, talismans and 
magnets, ding-dongs and drums, dances 
and contortions, beatings and burnings 
were among the gentle and 
harsh, which were used to drive them 
away. The administration of these 
remedies was in the hands of priests, 
poets, philosophers, 
cians and mobs. 
stood, its real unknown. 
Over the entire field of medicine there 


remedies, 


magicians, physi- 
Disease was not under- 


causes were 


hung a dense cloud of mysticism. 


It should not be inferred that the 
search, carried on during all these years, 
had been fruitless. Indeed there was a 
great residuum of observations which 
even to-day is undergoing winnowing 
and sifting in the hands of medical 
science. Moreover, the foundation of 
modern medicine had been laid through 
the work of Hippocrates, Aristotle, 
Galen, Vesalius and others. Above all, 
the belief has steadily grown that an 
elixir of life could not be found. 


About the middle of the eighteenth 
century, scientific inquiry was begun 
with a view of ascertaining the maximal 
age which man had actually attained. 
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Haller, the great physiologist, stated 
that there were many well-authenticated 
instances in which man had attained an 
age of about one hundred and fifty years. 
eames Easton, in the closing years of 
that century, published the names of 
seventeen hundred and twelve persons 
who lived for over one hundred years. 
Among these were fifty who had lived 
about 150 years; five 160, and two up- 
wards of 170. There are doubtless many 
errors in Easton’s records, as Thoms 
has pointed out. The case of Peter Tor- 
ton, of Temesware, Hungary, who is said 
to have died at the age of 185 and that 
of John Roven at 172 and his wife at 
164 may be ascribed to the overzealous- 
ness of the town to increase its popula- 
tion. We have, however, the testimony 
of most trustworthy men that Thomas 
Parr attained a very old age, possibly 
152 years, as claimed. Harvey, who did 
the autopsy, was inclined to believe that 
the age given was nearly correct. The 
account of Henry Jenkins, who reached 
the century and half mark, as reported 
by Dr. Robinson, was accepted by the 
Royal Society and published in the 
‘*Philosophical Transactions’’ in 1696. 

There is no published compilation of 
the number of centenarians who died 
during the nineteenth century. Here 
and there are suggestions which lead us 
to infer that the number must be con- 
siderable. In France statistics show that 
nearly one hundred and fifty deaths oc- 
eur annually of people who have lived 
beyond one hundred years. In En- 
gland and Wales the deaths of about one 
hundred annually are reported. The 
eensus of 1900 records three thousand 
five hundred and four centenarians liv- 
ing in the United States, while that of 
1910 gives three thousand five hundred 
and fifty-five. The census of 1920 re- 
cords 895 deaths of those who lived be- 
yond one hundred years. At present it 
is not at all unusual to see the deaths of 
well-authenticated centenarians recorded 
in our daily papers. 


In the latter part of the eight 
century, the eminent naturalist, By 
undertook a study of life cycles ot 
ous animals as compared with 
growth periods with the hope of « 
ing facts which might throw new 
on the life cycle of man. He con 
that most animals live six or seven ti 
as long as it takes them to reach n 
ity. Flourens later worked ove: 
Same ground and claimed that ¢ 
ceases when the epiphyses become uni 
with the bones. This union, acco: 
to Flourens’ data, takes place in t 
at two years, in the lion at four, ir 
horse at five, and in man at 
twenty. The normal life cycle 
dog is from ten to twelve years, 
lion twenty and of the horse 
twenty-five or about five times the 
tion of growth. Accordingly, man « 
to live about one hundred years. 

Later investigations show that in 1 
this union often does not take place 
til twenty-five, so that the norma! 
eycle from the standpoint of com) 
tive longevity should be something 
one hundred years. The evidence g 
ered from all sources seems to show t 
scientists have not widely erred in 
suming that man should have a non 
life eyele of not less than a hundr 
years. That he frequently has reac! 
a considerably greater age is beyot 
question. 

Many attempts have been made, dur 
ing the last two centuries, to ascert 
some of the factors which have cond 
to longevity, such as geographical 
tion, mode of living, diet, ete. F 
the study of the lives of nearly two | 
dred centenarians we gather but litt 
As to location, there are some differen 
Eastern Europe has furnished more t! 
Western Europe, although of a lower 
grade of civilization. In Western Eu 
rope, Greece has furnished a large num- 
ber, while Switzerland has had but fev 
As to mode of living, the great majority 
came from those who led simple lives 
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agricultural classes furnished an ex- 
edingly large proportion. As to diet, 
some ate one meal per day, others four 
or f A few ate large quantities of 
food, the greater number a_ small 
ymount; some lived entirely on vege- 
tables, others to a great extent on animal 
A few indulged in 

drinks: others were total 
most were temperate. 

Hofmann, the physiologist, after re- 
viewing all the work was unable to iso- 
ite the factors conducing to longevity. 
The best rules which he could offer were 
avoided in 


cre 


a fi\ e. 


aleoholie 


abstainers ; 


these: ‘‘Excess should be 
everything; old habits should be re- 
spected ; 
nure food should be taken; food should 
he adapted to temperament. Keep the 
heart light, the mind content and the 
conscience free.’’ It should not be for- 

n that senescence is in no small de- 

a state of mind as well as a condi- 

of body. The physician’s serious 
mien, his dubious shake of the head, and 
the confidential whisper, ‘‘You know, 
he is over seventy,’’ have often lessened 
both happiness and life. 

Science had well-nigh relinquished the 
hope that a panacea might be found when 
in 1880 the Society of Biology in Paris 
was astounded by the announcement of 
the well-known physiologist, Brown- 
Séquard, that he had discovered an elixir 
of life. It was and is a well-known fact 
that the atrophy or removal of certain 
glands such as the thyroid and the sper- 
matic glands produces mental and physi- 
eal debility. Brown-Séquard asserted 
that the weakness of old people depends, 
to some extent, on a natural series of or- 
ganic changes but largely upon the 
gradually diminishing activity of these 
glands. Led by these postulates, he 
made an elixir from the seminal glands, 
the seminal veins, and the seminal fluid, 
which when injected beneath the skin 
had wonderful effects on a large num- 
ber of experimented animals. Also he, 
in his own person, experienced a remark- 


pure air should be breathed; 


OLD 

activity, after its 
Variot, of Paris, 
aged people with 


} 
‘ 


able return of youthful 
administration. Dr 
treated a number of 
the elixir and, although the 
unaware of its use, they 
rejuvenated. The use of 


spread like wild fire, physicians 


‘vy were wholly 


were markedly 


the elixir 


and unclean began to give hypodermic 


injections of the elixir and blood poison 


ing often followed The 

not permanent. The « 

tal for the charlatan, the merry 
the cartoonist and even the vaudey 


Around the sex glands have e 


all sorts of speculation and some ex 


perimentation. Our best deductions aré 
that energy, both muscular and mental, 
highest tide 
the glands are 


and conversely muscular and mental ac 


period 


are at during the 


when sex most active, 


tivity decline as these glands become 
less active. The experiments of Stein- 
Voronoff and that 
® transplantation of active glands tem- 
porarily rejuvenates Some 

vears Dr. and the 
found that spermatozoa from the young 
rat when the 
eavity of an old rat increased the period 
of motility of the old rat’s sperm. But 
the stimulus lasted only for a short time, 


ach, others indicate 
twenty 


Goheen writer 


ago, 


injected into peritoneal 


following the injection 
From the evidence at hand, 
probably not go far afield in predicting 
that the day is not far distant when the 
will again be placed in the 


one would 


gland jag 
same category as the corn whiskey jag. 
Brown-Séquard was the last scientist 
to cherish the hope of finding a panacea 
for old age. The next efforts in this di- 
rection were the attempts to find a single 
remedy for a group of diseases. This is 
well illustrated by the work of Metchni- 
koff, of the Pasteur Institute, who at- 
tempted to show that the large intestine, 
including the caecum, was evolved as a 
reservoir so that animals retain 
large quantities of fecal matter and thus 
could run long distances without incon- 
Man has inherited this useless 


could 


venience. 
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structure. This author cites many phys- 
iological experiments to show that there 
is no absorption of food materials in this 
part of the bowel, and that the mucus 
secreted is best interpreted as a lubri- 
eant. The accumulation and retention 
of fecal matter serves as a nidus for 
general fermentation and putrefaction 
and especially butyric fermentation 
which, in turn, gives rise to a number 
of diseases. 

In order to lessen these processes and 
especially to neutralize the butyric fer- 
mentation, Metchnikoff says it is neces- 
sary to set up some counter process. Ex- 
periments show that one of the most ef- 
fective of these is lactic fermentation. 
To induce this through simple means the 
author advocates the drinking of quant- 
ities of sour milk. It should not be in- 
ferred that Metchnikoff claims this as a 
panacea. He is careful to limit its use 


to the prevention of those diseases which 
result either directly or indirectly from 


intestinal autotoxins. 

Efforts of a similar nature, that is, to 
find remedies for groups of diseases, are 
to be found to-day in the emphasis which 
is being placed on the so-called endocrine 
glands. Some maintain that senility is 
an epoch of ductless gland insufficiency. 
We know that the thymus gland is as- 
sociated with the period of most active 
growth and then gradually disappears. 
The thyroid and pituitary glands are 
intimately associated with dwarfism and 
giantism. Horsley thinks the conserva- 
tion of the thyroid gland is an essential 
for long life. We know something of the 
functions of the spleen and adrenal; 
less of the tonsil and corpus luteum and 
prostate. 

The various interpretations of one 
member of this group—the so-called 
pineal gland—or are illustrative of our 
imperfect knowledge of the other mem- 
bers. The pineal gland to-day is be- 
lieved to secrete some constituent of the 
cerebrospinal fluid. Yet we do not ac- 
tually know that it secretes anything. 
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Descartes thought it to be the seat of the 
soul; later when the brain-sand wag 
found, the idea arose that this sand was 
ballast for effervescent dispositions 
Then came the suggestion that the pinea| 
body controlled waking and sleeping 
then that it is an organ for the per 
tion of temperature; then an organ iy 
which the sense of return or homing 
located; then the seat of a sixth 
unknown sense; then a median or t! 
eye; and finally a pair of fused 
bryonic eyes. All of which 
emphasize the fact that endocrino 
is a most fruitful field for investigat 

In recent years science has begun t 
study of old age from the standpoint 
structural changes in the organs, tissues 
and cells. All know that the bones ; 
more brittle and more easily fractw 
in the aged. 


tary §, 

f dig 
respon 
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proble! 
standp 
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serves ft These ( 


i¢ rm, 
for mic 
stars. 
This is due to the bones their © 
having become more caleareous. In t 
same way, the arteries undergo striking 
changes. The saying that ‘‘a man is 
old as his arteries’’ is well found 
The arteries in old age become thicken 
hardened and lessened in ealiber 
fibrinous and ecaleareous deposits, pr 
ducing the disease called arteriosclerosis 
This is most easily detected in the larg 
blood vessels, but all, even the most mi- 
nute capillaries, undergo the same gr 
ual change. 

This degeneration of the blood vessels 
results in a decreased supply of blood ' 
all parts of the body. The blood sup 
to the brain is diminished, its nutrit 
is lessened, and its functions thus 
paired. The vigorous brain of mid 
life gives way to the feeble intellect wit 
its loss of memory and confusion 0 
ideas so characteristic of old age. Not 
only is this true of the brain but 
nerves themselves show a decrease 
activity. The activity of the sympathet 
system declines. The spinal nerv 
which have to do largely with feeling pole ech: 
and motion, conduct impulses less reac The mo 
ily. The lessened blood supply to t] the app 
stomach and other parts of the alimet pearane 
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tary system results in decreased powers 

¢ digestion and absorption with a cor- 
responding decrease in nutrition. The 
elimination of waste materials is lessened 
so that such structures as the kidneys 
may become poisoned by their own 
secretions. 

Since in the further presentation the 
nroblem must be considered from the 
tandpoint of changes in the cellular 
elements, let us think of a drop of blood 
which contains many millions of cells. 
These cells are of two kinds, the red and 
There are some millions of 


the white. 
the red corpuscles and some hundreds of 


thousands of the white corpuscles in each 
drop of blood. These latter have the 
form, when they are killed and stained 
for microscopic examination, of irregular 
stars. In life they change their shape by 
their own inherent quality. The sub- 
stance of these little stars is called pro- 
toplasm. Each of these stars or cells 
has at its center a little ball which is 
ealled a nucleus. 

When disease-producing bacteria have 
gained entrance to the body, a 
great army of these white cells, which 
ordinarily are floating in the blood, 
crowd through the walls of the blood ves- 
sels and hasten to the spot where the 
bacteria are located. They immediately 
engage in conflict with the bacteria and 
consume them. By special staining we 
‘an determine the number of bacteria 
which each white blood corpuscle is able 
to devour. Thus we have a health index 
as far as these cells are concerned. 

These white cells of the blood usually 
attack only a foreign foe, but at times 
they turn upon their fellows, the special 
cells, which they have hitherto protected, 
and destroy them. This point is forcibly 
illustrated by a well-known change which 
oceurs in the animal kingdom. All of us 
know that the common pollywog or tad- 
pole changes in some way into a frog. 
The most obvious external changes are 
the appearance of legs and the disap- 
pearance of the tail. This latter change 
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is due to the fact that an army of white 
blood cells into the tail and 
devours the other cells which form it. 
We know little of these white blood 
cells and their work in the body; they 


**marches’’ 


are always present in inflammation and 
when wounds are Some have 
maintained that these cells in some 
stimulate dormant 
They seem to play an important part in 
both constructive and destructive proc 
Scientists have tried to find 


healing. 
way 
into 


ct lls 


activity 


eSSes, 
some means of controlling the activities 
of these and some 
been made in that Metchnikoff 


years ago announced the discovery of 


’ 
progress nas 


cells 
some 
their ac- 


special serum which retards 


tivities, but how to increase their activity 
is a problem as yet unsolved. 

Roux, the celebrated 
Halle, some years ago pointed out that 


+ 


anatomist a 


the highly specialized cells of the body, 
such as the gland 
and nerve ¢ells, are in constant struggle 


cells, muscle cells 
with a great group of connective tissue 
cells 

These like the blood 
corpuscles, belong to the simple or wand- 
ering type. Metchnikoff confirmed and 
extended and 
‘*In growing old, the same condition is 
the atrophy of the 
higher and specific cells of a tissue and 


cells, white 


these observations says: 


always present: 
their replacement by a lower type. In 
the brain, nerve cells disappear; that is 
to say, cells which subserve the higher 
functions such as intellectuality, sensa 
tion, control of movement, are replaced 
by cells of a lower type. In the liver, the 
hepatic cells, of great importance to the 
nutrition of the organism, yield to the 
simple cells. In the kidneys, the simple 
cells invade and block the tubules 
through which the elimination of waste 
matter is accomplished. In the ovaries, 
the ova, the specific elements which serve 
to propagate the 
eliminated and replaced by simple cells 
In other words, a conflict takes place in 
our bodies between the higher cells and 


race, are similarly 
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the simpler or wandering cells of the 
organism, and the conflict ends in the 
victory of the latter.”’ Thus it would 
appear that one means of deferring old 
age would be to strengthen the special 
cells of the organism and to weaken the 
aggressive capacities of the simple cells. 
Metchnikoff warns us that this is not 
presented as a definite, but as a possible 
solution of the problem, and is offered 
for consideration like many other hy- 
potheses on scientific questions. 

The changes occurring in the special 
cells of the body, as it passes from the 
stage of greatest to that of least activity, 
are not easily interpreted. In the first 
place, most of the cells of our bodies do 
not remain for the entire life cycle but 
are frequently cast off and replaced by 
new ones. But this is not the case with 
some, such as the nerve and muscle cells, 
which live as long as the organism main- 
tains its integrity. The changes in the 
eells of the spinal ganglia, which belong 
to those nerves carrying sensation, are 
very striking, as shown by Hodge and 
others. As they grow old, they become 
smaller, their nuclear material dimin- 
ishes, and the protoplasm becomes 
vacuolated. It is well known, too, 
through the diseoveries of Nissl and 
others, that the active nerve cells, both 
along the spinal cord and in the brain, 
possess bodies which are considered as 
stored-up food material. Marenescho 
and others have shown that these bodies 
are greatly diminished in both size and 
quantity in old age. 

The writer’s studies, on the structural 
changes taking place in the growing old 
of muscular tissue, show that in the 
young and growing muscle cell a unit 
of nuclear material is in physiological 
equilibrium with two or three units of 
protoplasmic material, while in the old 
muscle cell, when growth has ceased, a 
unit of nuclear material is in physiologi- 
eal equilibrium with twenty or thirty 
units of protoplasm. When an old 
muscle cell is partially destroyed its 


destroyed portion can be replaced oy 
when nature restores the equili 
of youth. Minot believed that old ag 
is a phenomenon which makes its ap) 
ance in childhood. ‘‘The nu 
atrophies from our youngest age to « 
age, it continually diminishes in vy 
whereas the protoplasm becomes 1 
abundant. In the perpetual consw 
tion of the nucleus is revealed the r 
son of our getting old and dying.’’ 

Structural changes as indicat: 
dead and artificially stained mat 
are but crude indices of far more su 
changes. Biophysics teaches that 
light, electricity, osmosis, pressure, | 
profoundly modify processes. Bic 
istry teaches that the rates of prot 
carbohydrate, fat metabolism and 
action of the precious accessory 
mins are all definitely related to gro 
The mysterious hormones, which 
relate the activities of the sexual ore 
the mammary glands and the thy 
gland, lead us into an almost unk 
field. Way back in the earlier st: 
individual life, certain exciters or tor 
speed up cell division in certain gr 
of cells. This is visible in the form 
of the blastopore, neural folds, the e: 
tremities and many other structures. | 
we press our inquiries back to the st 
ing-point of the individual—the 
tilized ovum—that marvelous vel 
which earries the parental qualities 
into the offspring, we are in the preset 
of a microcosm, an almost unk: 
world, whose materials, potentialities 
forces baffle the human mind. Until ' 
know the materials and forces operating 
in some one living cell at some one ti 
in its life, we shall be unable to evaluat 
the many factors which modify the li! 
eycle of the organisms. 

Not only must we push our inquir 
further and further into this invis 
world, but also we must increase our e!- 
forts in other lines. Through 
avenues of empirical medicine and san 
tary science, the expectancy of life has 
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n greatly increased. According to 
our best information, the average span 
was increased about four years 
uring the seventeenth and eighteenth 
centuries, about eight years in the first 
three quarters of the nineteenth century 
and about sixteen 1875. 
While we have thus made much progress, 
ve still lack information in easily acces- 


years since 


sible fields. 

We keep the records of trotting horses 
and hunting dogs with great care and 
search back, for generations, to find the 
strong and weak points that we may, 
through a eareful observation of the 
laws of heredity, accentuate the good 
and eliminate the bad. We heralded, 
with admiration, the work of Luther 
Burbank in making and better 
fruits, through a careful study of the 
methods of perpetuating the desired 
qualities, which are found here and there 
in the parent fruits. 

But the study of man, with a view of 
preserving and accentuating, in the off- 
spring, the sterling qualities found 
among the ancestors, has not received 
serious consideration. Yet we know that 
heredity is one of the chief factors in 
longevity. There should be some means 
of recording the physical condition of 
each individual at frequent intervals. 
Every physician should be required to 
send to some bureau the precise data 
regarding his personal findings in the 
diagnosis and treatment of each disease, 
and such data should be placed, at once, 
in the hands of the physician who next 
comes in contact with the same patient. 
We could, thereby, anticipate many dis- 
eases and prevent or cure them in their 
incipient stages. We thus could obtain 
information as to the sequence of dis- 
eases. We know that measles predisposes 
to tuberculosis; rheumatism is often the 
forerunner of heart disease; scarlet 
fever of kidney trouble. By the collec- 
tion and study of a great body of data 
we might be able to ascertain what ef- 
fects, if any, the excision of organs and 


new 


the administration of 
body functions, and whe 
dispose toward other ¢ 
that the use 


method in studying the 


be said 


ease and old age has only begun 
Science makes tardy 
prevention and cure of dise: 
little favor 
difficult to obtain millions of 
the 
and harbors; the extension of commerce; 
the 
the 
Yet, it is extremely 
adequate funds to develop the vitalizi 
foree for all 
The trouble is, 
full 


ading. 


sl e is shown but 


good roads; improvement of rivers 


fostering of agricultural 
enlargement of army) 


difficult to 


these—human efficienc) 
mankind has not as 
confidence in medicine. Masq 
her 


charlatans 


under name, are thous 


of quacks and who bring 


her into disrepute. Quackery, which is 


outside the medical profession, is a gre: 


not com- 


evil, but its 
parable to that which is inside. Not 


consequences are 
ing is so much needed in medicine to-day 


as apostles of sincerity—of stern and un 


comprising animosity to all forms of 
quackery, both without and within the 
How refreshing such frank- 
tend 


profession. 
ness as that of Ambroise Paré: ‘‘I 
him, God cures him.’’ 
Again, when medical 
fronted with common diseases, such as 


fever, 


selence is col 


whooping cough, measles, searlet 
pneumonia, cancer, paralysis and mental 
time and 
Her strength, 


disorders, she, again, shows 


her weakness. 
is seidom brought prominently before us. 


howev cr. 


We are not impressed by the diseases we 
do not have. 

Were the 
ence taken from us, one by one, until we 
middle 


discoveries of medical SCl 
returned to the condition of the 
should 
spect, if not reverence, 
If we were deprived of the re- 
we sl ould 


ages, we have a profound re- 
for her achieve- 
ments. 
sult of modern dentistry alone, 
have a tenfold increase in the number of 


dyspeptics and rheumatics. Do away 
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with spectacles and the operation for 
cataract, let the eyesight of the aged be 
impaired or destroyed, and again hap- 
piness and life are both lessened. From 
all our therapeutic agents, take away 
only quinine, mereury and salvarsan, 
and malaria and syphilis will again take 
frightful toll of human lives. Forget 
the work done on hookworm and try- 
panosomes, and millions of afflicted in 
our Southern States and in South Africa 
will lead useless lives until death brings 
relief. Discard the work of Jenner, and 
smallpox will again carry away its an- 
nual hundreds of thousands. Reject the 
laborious results of Sternberg, Saranelli, 
Reed, Carroll, Gorgas and Noguchi, and 
yellow fever will again mow down its 
victims so rapidly that the long trenches 
will be piled deep with nameless dead. 
Make it impossible to study further the 
means of preventing and curing con- 
sumption, and this deadly Moloch will 
increase again its toll of thousands of 
human beings each day. Deprive us of 
the discoveries of Kitasato and Yersin, 
and let us remain in ignorance of how 
the plague is carried and again witness, 
as did our forefathers, this great tidal 
wave of death, as it sweeps country after 
eountry. Abolish the treatment for 
tetanus and hydrophobia, and witness 
again those terrifying scenes that caused 
whole communities to gather in weeping 
and prayer. Blot out the work of 
Behring, and diphtheria will again take 
our loved ones, by the score, where it 
now takes but one. Forget the work of 
Pasteur and Lister, neglect asepsis in 
surgery, and nine out of ten who go to 
the operating table will pass on to the 
grave. Finally, let us reject the discov- 
eries of Wells, Morton and Simpson and 
surgery will return to the days before 
anesthetics, when it was the most awful 
vivisection, when the operating room was 
filled with heart-rending scenes: the 
moans of friends, the wails of kindred, 
the screams and struggles of the tortured 
patient who, bereft of reason, was bound 


to the operating table with straps anj 
cords, while a leg or arm was being say 
off. 

From the many achievements of m 
eal science, these few have been cited : 
show that she has done much and to syv. 
gest that she can do more. Throug 
sanitation and hygiene and through | 
ter medicine and surgery she has y 
derfully reduced the death-rates 
medieval days and will reduce the pres 
ent death-rate in the days that ar 
come. 

The people to-day, as never before, ; 
preciate the fact that the greatest wealt 
is health. The time is not far distant 
when each state will have installed t 
machinery, in the way of clinics, labor 
tories and libraries, for the study of t! 
causation of disease and its preventioy 
but all the energy and money expended 
in elinies, libraries and laboratories w 
be of little avail unless research ideals 
form the heart and soul of these organi- 
zations. The workers—<linicians, inves- 
tigators, teachers and students—must 
inspired by a desire to know truth for 
truth’s sake. There must be a love for 
knowledge which far transcends its prac- 
tical application. 

It is thus that we owe wireless teleg- 
raphy not so much to Marconi as 
Maxwell and Hertz. Our mastery of th: 
air is largely due to the studies 
Langley, yet all he realized of the prace- 
tical application of his studies was an 
occasional bath in the Potomac. Jo! 
Hunter’s work in comparative anaton 
evoked the sneers of his professional 
temporaries, but to-day we know t! 
comparative anatomy and comparati\ 
physiology have led to the solution 
many problems because by such studies 
they were removed from the complexit 
which frustrate our researches in 
higher organisms. 

The studies of Pasteur, on spontaneous 
generation, were undertaken in thus 
spirit of knowledge for its own sak 
Let us hear the words of this great 
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ojentist as he speaks before the Medical 
Congress in London, on August 8, 1881: 


I should be guilty of ingratitude and false 
iesty if I did not accept the welcome I have 
d among you as a mark of homage paid 

my labors during the past five and twenty 
ve rs upon the nature of ferments—their life 
nd their nutrition, their preparation in pure 
the introduction of organisms under 
labors which 


state by 
tural and artificial conditions 
have established the principles and the methods 
microbiology, if the expression is allowable. 
ir cordial welcome has revived within me the 
y feeling of satisfaction I experienced when 
Lister, declared that my 
on milk fermentation, had 


ir great surgeon, 
n in 1857, 
red him with his first ideas on his valuable 
surgical method. You awakened the 
asure I felt when our eminent physician, Dr. 
that his splenic 
suggested by my 
and the germ 
Gentlemen, I am happy to 
le to thank you by bringing to your notice 


ed 
] 
i 


have 
vaine, declared labors on 

had been 
vric fermentation 


studies on 
which is 
racteristie of it. 
1 new advance in the study of microbiology as 
plied to the 


ses diseases 


prevention of transmissible dis 
most part, are 
both for 
is through 


which, for the 
terrible 
animals ... It 
new and 
introduced 


ught with 


ig consequences, 
domestic 


man and 
this inquiry that 
principles have been 
oncerning the views on the contagious quality 


highly important 


into science 


f transmissible diseases. 


Ehrlich has well said that our further 
knowledge concerning transmissible dis- 
eases is little more than diligent empir- 
based upon these fundamental 
studies. It might well be added that 
Pasteur’s discoveries have done more to 
prolong human life than all other dis- 
coveries combined. 


icism 
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I have few illustrations 
for the purpose of 
the 


learning, of not only accentuating prac 


given these 
further emphasizing 
institutions of 


great need in our 


tical knowledge but also the creation of 
a great fund of knowledge 


W hose pre S 


ent returns are solely the satisfaction of 
knowing. 


When the laws of 


understood that the life cycle now given 


nature are so 


given to the many, 
old 
be content 

Will not 


happiness and enchantment give way, 


to the few shall be 


our attitude toward age have 
changed? Will 


life cycle of a century ? 


will 
man with a 


I ope, 


as now, to doubt, sadness and anxiety 
The answer? is found in lives like that of 
Confucius, who is said to have described 
himself as a man who, in the eager pur 
suit of knowledge, forgot his food; who, 
in the joy of his ideals, forgot hi 
rows and did not even perceive thi 
Here is an e@Xé 


age was coming on. 
of that philosophy which counts 
by life, instead of life by years. 


may measure physical efficiency, 


time can not measure ideals, hope 


dreams. 


2 Another answer is that emphasized, I 
by Haldane to the effect the great sorrows 
its impaired re 


that the 


regrets of life come from 
tion and its premature ending; 
ism which has completed its natural 
and that 


shall enable each man to live 
vigor his app yinted d iys deat 


will lose its sting 7. ia ab 


death with equanimity; 
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THE modern conception of mathematics 
has not yet found its way into the text- 
books. Even lexicographers, who should 
know the meaning of words, and on 
whom most of us depend for authori- 
tative definitions of unfamiliar terms, 
fail to inform us. 

Murray’s New English Dictionary 
conceives mathematics in a strict sense 
to be ‘‘the abstract science which in- 
vestigates deductively the conclusions 
implicit in the elementary conceptions 
of spatial and numerical relations.’’ 
This definition fails on each of three 
counts: The conceptions of mathematics 
are seldom elementary; they are not 
limited to spatial and numerical rela- 
tions ; the investigations do not generally 
proceed deductively. 

The Century Dictionary, having de- 
fined mathematics as the science of quan- 
tity, speaks of qualitative mathematics 
as mathematics kept rigorously free from 
every quantitative idea. How a branch 
of the science of quantity can be kept 
free from quantitative considerations is 
left for the reader to explain to himself. 

Both the definitions cited suffer from 
arrested development. 

To say that mathematics is the science 
of quantity is like saying that geometry 
is the science of earth-measurement, since 
it was to the practical enterprise of land- 
surveying that geometry owes its origin. 
It is like saying that trigonometry is the 
science of triangles, since it was the at- 
tempt to solve triangles that gave the 
science its first impetus, or that algebra 
is the science of equations, inasmuch as 
the practical need of solving equations 
gave birth to algebra. 


Mathematies, it is true, originated 
the contemplation of magnitude 
form. And everything in which qu 
tity or form predominates was at 
time considered a part or a branc!l 
mathematics. Thus it came about that 
astronomy, music and optics were at 
time considered mathematical studies 

To escape the dilemma of eal! 
grocers and tailors mathematicians 
cause they also deal with quantit) 
form, it was found necessary to d 
guish between direct and indirect m 
surement of quantities. Mathemat 
was now thought of as dealing wit 
quantities at a distance, quantities n 
existent, or inaccessible, such as p! 
tary and stellar magnitudes. 

This was the view espoused by 
famous author of the Positive Phi 
ophy, who boldly announced in his first 
chapter of his first book, ‘‘the object 
mathematics is the indirect measurement 
of magnitudes, and it purposes to deter 
mine magnitudes by each other, accord 
ing to the precise relations which ex 
between them.”’ 

But the ink had searcely dried 
Comte’s pen when von Staudt discover 
and expounded his ‘‘Geometrie de! 
Lage,’’ in which quantitative ideas ar 
completely ignored. Von Staudt’s b 
was published in 1847 and in the sam 
year appeared Boole’s ‘‘Mathemati: 
Analysis of Logic,’’ the forerunner 
his immortal ‘‘Laws of Thought,’’ 
other mathematical work dealing wit! 
neither quantity nor form. 

Von Staudt’s work, perhaps as great 
and far-reaching in its consequences as 
Boole’s, aroused but little philosophic 
comment, but Boole’s work captivated 
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Russell says it was Boole 
pure mathematics. 
ole was followed by Couterat in a 
kk entitled ‘‘The Principles of Mathe- 
maties,’’ in which the author tried to 
show that all mathematics is reducible to 
logic. Russell proclaimed that ‘‘the fact 
at mathematics is symbolic logic is one 


logicians. 


dist overe d 


f the greatest discoveries of our age and 
when this fact has been established the 
remainder of the principles of mathe- 
matics consists in the analysis of sym- 
bolie logie itself.’” Keyser in one of his 
addresses put the thesis in unmistakable 
terms when he said ‘‘Symbolie logie is 
mathematics, mathematics is symbolic 
logic, the twain are one.”’ 

The view that mathematics is logic 
and nothing but logic was quite gener- 

‘accepted by mathematicians as well 
as by logicians during the last quarter 
f the last century. W. B. Smith pro- 
nounced mathematics the ‘‘ universal art 
apodictie,’’ Benjamin Peirce defined it 
as the ‘‘science which draws necessary 
conclusions,’’ Felix Klein saw in it 
‘fundamentally the science of self-evi- 
dent things’’ and Whitehead ‘‘the de- 
velopment of all types of formal, neces- 
deductive reasoning,’’ and _ so 
without end. All agree that in sub- 
stance the logicians were right. 

Inspired by this assumed epoch-making 
discovery, there now followed in rapid 
succession the great masterpieces of 
logisties—Peano’s ‘‘Formulaire,’’ now 
in its fifth edition, the wordless book, 
which by the use of special symbols un- 
dertakes to reduce the various branches 
of mathematics to their irreducible ele- 
ments, and Whitehead and Russell’s 
‘Principia Mathematica’’ with an aim 
even more ambitious, that of deducing 
the whole of mnathematics from certain 
undefined mathematical constants and 
certain indemonstrable propositions, ex- 
actly nine of the one and twenty of the 
other, no more nor less. The first page 
of the first volume of Russell’s ‘‘Prin- 
ciples of Mathematics’’ contains what is 


sary, 


perhaps the most 


mathematies ever adva 
that might preserve its dignity even bi 


side Spencer’s famous « 
Russell’s definition rea 


mat! 
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Pure 
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logical constants. And 
notions definable 
Implication, the 
of which it 
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addition to the 
which is not a 
which it considers—t 
truth. 


In another place Russell tried to popu- 
larize this definition by putting it into 
the following paradoxical form: 


Pure mathematics consists entirely of such 
asseverations as that, if such and such a prop 
osition is true of anything, then such and such 
another proposition is true of that thing It 

essential not to discuss whether the first prop 
osition is really true, and not to mention what 
the anything is of wl t ' t 
true. ... If our proposit 
and not about 

things, then our 
Thus 
the subject in which we never kn 


about, nor whether wl 


som one 
constitute 


deductions 
matics. mathematics may be 
are talking 


saying 1s true. 


its wide-spread acceptance, 


Despite 
this view of mathematics, set forth with 
such assurance, had soon to be modified 
Why ? Because it could not reconcile the 
two adamantine facts, that logic is bar 
ren, while mathematics is the most pro 
lifie of mothers. Said Poincaré: 

If all the propositions which 
be deduced one fro 
why is not math 


he syllo 


mé 
enunciate can 
the rules of formal logic, 
reduced to an 
gism can teach us nothing essentially new, and 
if everything is to spring from the principk 
of identity, everything should be capable of 
being reduced to it. Shall we then admit that 
the enunciations of all those hic} 
fill so many volumes are nothing but devious 
ways of saying A is A? 


immense tautology? T 


theorems whicl 
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After a most careful analysis of the 
premises of the logicians, in the second 
book of his ‘‘Science and Method,’’ 
Poincaré comes to the conclusion that 
‘logistics has to be made over and one 
is not sure what can be salvaged. It may 
survive as a branch of mathematics, but 
it has to abandon its claim to the over- 
lordship of the mathematical world.’’ 
Far from identifying mathematics with 
logistics, a closer examination reveals 
logistics as a water-sprout which has 
shot up from the parent tree—the giant 
Sequoia—oldest and mightiest of all the 
living creatures of the human mind. 

What, then, is mathematics? Some 
think that because mathematics is a liv- 
ing, growing thing, it can not be defined. 
Says Shaw in his ‘‘Philosophy of 
Mathematics’’: 


The varied character of its content makes it 
impossible to reduce all mathematics to either 
arithmetic, geometry, logistics, calculus of op- 
erations, algebra, or transmutation. Nor can 
we define it more successfully as the study of 
form, or of invariance, or of functionality, or 
of theory of equations. It has been the effort 
of some to define it in terms of its sources, but 
it is not possible to limit it to the phenomena 
either of the natural world, the world of uni- 
versals, or the mental world. Definitions that 
are based upon methods are no more successful, 
whether we emphasize its scientific procedure 
in observations, generalizations, and analogy, 
or its intuitive insight into the nature of things, 
or its deductive chains whose invulnerable links 
support the weight of modern science; nor yet 
is it wholly the spontaneous product of the 
imagination of an artist, whose material is not 
the solid granite of the architect, the flowing 
marble of the sculptor, the brilliant pigments of 
the painter, the rippling language of the poet, 
or the pulsing air of the musician, but is the 
delicate ether of pure thought. We cannot 
define it either by its applicability to the world 
at large, in any realm of validity. In none of 
these ways may it be defined, for it is all these 
and more. It may be studied in its varied 
aspects just as a man may be studied, but no 
definition based upon any one aspect will be 
sufficient to include the living creature itself. 
In short, mathematics is independent of any 
other branch of human knowledge. It is auton- 
omous, and in itself must be sought its nature, 
its structure, its laws of being. Not in philos- 
ophy, not in science, not in psychology, not in 
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logic, can we discover these things, but only jy 
mathematics. 

This view I do not concur in, for | 
think it may be shown that mathematics 
is characterized not, indeed, by its appli. 
cations nor by its method, as has fre. 
quently been supposed, but by its con. 
tent, by the nature of the material wit) 
which it works. 

Let us then turn to some of the famil. 
iar branches of mathematics and _ se 
what it is that characterizes the notions 
that enter them. 

Let us begin with arithmetic. Arit] 
metic deals with numbers, you say, but 
what is number? The term is used i 
every branch of knowledge, yet t! 
mathematical concept of number is not 
knowledge gathered from experience 
alone. You may say that it is the syn. 
bol used to indicate the ‘‘how many,’ 
the one and only invariant of an aggre. 
gate whose members are subjected to all 
conceivable changes which do not destroy 
the separateness of the members. This 
definition is frequently accepted, but 
number thus defined is not number as 
the mathematician knows it. If number 
were an inherent property of physica! 
aggregates and nothing more, then ther 
would have to be a greatest number, a! 
physical aggregates being finite. Then 
addition would be possible only so long 
as the sum of the addends does not ex- 
ceed the greatest number. There could 
be then no general process of additior 
or of multiplication or of any other 
operation with numbers. To make arith- 
metic possible we not only abstract from 
experience, we go further and augment 
experience. And this process of aug- 
mentation is really the important thing, 
it is that which alone makes the science 
of arithmetic possible. We inject int 
our concept of number a property which 
is not the result of experience at al), 
namely, the property that for every con- 
ceivable number there exists one which 
is greater. Thus we see that number is 
not a physical property but a creature 
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‘the thinking mind: it embodies the 
idea of never ending, of what we call the 
thematieal infinite. The basic con- 


Lal 


cept of arithmetic is more than a mere 


™ 


abstraction. It is a concept suggested, 
to be sure, by experience, but it tran- 
seends experience, it is what we call an 
ideal construct. 
Let us next turn to geometry. The 
subject-matter of geometry, it is said, 
msists of points, lines, angles, surfaces, 
ete. But what is a line? Certainly it 
is not the mark of ink or graphite that 
we spread on e sheet of paper to visual- 
ize the concept. The mark that repre- 
sents the line has all the properties of 
matter—length, breadth, thickness, color, 
mass, density, ete. The geometrical line 
partakes of none of these. It can not be 
seen nor felt nor weighed nor measured. 
Is it then a mere abstraction? That is 
the common view but an erroneous one. 
For we may abstract from a material 
line all its physical attributes and what 
remains is not yet a line, but a segment 
of a line. So much experience suggests, 
but more is necessary before we have the 
concept which alone makes geometry 
possible. It is essential that in general 
two lines which lie in the same plane 
should intersect, and that three lines 
should form a triangle, while obviously 
two material lines will rarely ever inter- 
sect and it is a very remote probability 
that three random material lines should 
form a triangle. Abstraction once more 
is powerless, we again must inject into 
ur concept the idea of never-ending— 
the mathematical infinite. For every 
imaginable point on the line we conceive 
of two others, one on each side of it, so 
that there is no first point and no last 
point. The line concept, like the number 
concept, is an ideal construct—suggested 
by experience to be sure, but transcend- 
ing experience—a creature of the think- 
ing mind. 
» Asa third illustration, let us seek the 
» origin of the axiom which constitutes one 
jof the foundation stones of algebra: the 
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axiom which asserts that things which 
are equal to the same things are equal 
to each other. In symbols: If A=C, 
and B=C, then A=B. Is this axiom the 
result of experience ? 


Consider a band of color, say 


Let us see. 

100 feet 
long, which changes continuously from 
pure white at one end to black at the 
other. Suppose now that the 
divided into segments each one inch in 
length, 1,200 segments in all. No human 
eye is now able to distinguish between 


band is 


the colors of two consecutive segments 
Let us denote the colors of 
segments by A, B, C,-:: Y, Z 
far as the human eye can judge, A=B, 
B=C, C=D,-:-- Y=Z. Yet 
that A # Z, for A is white and Z is blac] 
Experience in this case fails to verify the 
axiom that things which are equal to the 
same thing are equal to each other. 

The example just cited is typical of all 
other attempts to verify the axiom ex 
perimentally. All such attempts are 
doomed to fail. Physical objects or phe 
nomena can never be proven equal. Ex 
periment can, at most, show approximate 
equality. For compare 
physical objects? 


Success1ve 


The nh so 


we know 


how can we 
By means of sensation 
which is the only avenue of becoming 
aware of the objects and their differ- 
ences. Sensations depend upon stimuli, 
and sensations are indistinguishable if 
their stimuli differ by sufficiently small 
amounts. A weight of ten grams and a 
weight of 
produce identical, that is, indistinguish- 
able, 
weighing grams 
grams, respectively. But 
produced by two weights of ten and 
twelve grams are distinguishable. So 
far as we can judge by sensations things 
equal to the same thing are not neces- 
sarily equal to each other. In short, the 
axiom that things which are equal to the 
same thing are equal to each other can 
not be established by experience or ex- 
perimentation. It is in fact a definition 


eleven grams are known to 


sensations, so do two weights 


eleven and twelve 


the sensations 
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in disguise, a definition of the concept 
equality, another ideal construct. 

Now what has been said of the mathe- 
matical concepts of number, line and 
equality is true of every other mathe- 
matical concept, and this is one of the 
really distinguishing features of mathe- 
matics. Take any other mathematical 
concept which occurs to you—point, 
plane, circle, angle, sphere, continuity, 
invariance, infinitesimal, transformation 
—closely examined each of them is found 
to be an ideal construct, suggested by ex- 
perience but not limited to experience, 
and it is because these ideas transcend 
experience that they are mathematical. 

I have said that the axiom or postulate 
that things which are equal to the same 
thing are equal to each other is in reality 
a definition of equality. A similar state- 
ment can be made of any other axiom or 
postulate. Failure to recognize this 
truth has led to all kinds of confusion. 
If there is a difference between definition 
by postulates and direct definitions, it is 
this, that as a rule the former applies to 
a system of things. A system of postu- 
lates is an enumeration of the funda- 
mental relations between the members of 
the system, from which may be derived 
all other properties of the system, and 
which, therefore, virtually defines the 
system. 

Each system of postulates then defines 
the raw material’ of a field of mathe- 
matical thought and constitutes a branch 
of mathematics. The material thus de- 
fined is as truly ideal as if it had been 
directly defined. 

Stuart Mill held that every definition 
presupposes the existence of the thing 
defined, existence being understood in 
the empirical sense. In defining a circle, 
Mill would say, we affirm that there are 
round things in nature. But it is ob- 
vious that a line, as we have defined it, 
does not exist in nature, nor does any 
other ideal construct. A mathematical 


construct exists if its definition involves 
no contradiction, a mathematical theo- 
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rem is true, if it is consistent with ; 
premises. From this point of view 
evident that no mathematical pro, 
tion can be established by experiment. 
Astonishing as this assertion may s 


to you, it is incontrovertible. Conside, 
any mathematical proposition that comes 


to your mind, let us the 
asinorum—the square on the hy; 
nuse of any right triangle is equal to th 


say 


sum of the squares on the two sides 


Suppose, contrary to fact, that it wi 
possible to measure exactly the sides 
physical triangles, and suppose that 


sides of a million different triangles had 


been measured and that the theorem | 
been found true in each of the m 
eases, there would still remain millio. 


of other cases among which there migh: 


be, for all we know, one or more triang 
for which the theorem would not be tru 


If you say that this process would esta! 
lish the truth of the theorem in the san 


way that other scientific truths are estab- 
lished and with as much certainty, I ea 


only say mathematical truths differ f 
scientific truths in just this, scientif 
truths are never more than 


probabil 


truths, mathematical truths are neve! 


less than absolute truths. We have |! 
another distinguishing mark of mat! 
maties. 

The idea is worth pursuing furt! 
Consider the set of mathematical pro; 
sitions known as Euclidean geometry 


They are characterized by the so-called 
eleventh postulate which asserts in sub- 


stance that through a point one and « 


1 only 


one line can be drawn parallel to a give! 


line. 


This postulate may be replaced 


by this other: The sum of the angles 0! 


y 


a triangle is equal to two right ang 


PS 


Furthermore, it is easily shown that | 
there exists one triangle whose angle sun 


is two right angles the same is tru 
every other triangle. 
postulate, therefore, is equivalent to 


Euclid’s elevent! 
she 


assertion: There exists a triangle whose 


angle sum is two right angles. In t! 


5 


form of the postulate we most clearly 
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recognize the futility of any attempt to 
prove it by experiment, for we have seen 
‘hat no physical magnitude can be mea- 
sured with absolute precision. We may, 
therefore, accept or reject the eleventh 
postulate. If we accept it, or its equiva- 
lent, namely, that the angle sum of a 
triangle is two right angles, we are led 
to a body of propositions which consti- 
tute Euclidean geometry ; if we reject it, 
we must accept one or the other of two 
alternatives. If the angle sum of a tri- 


it must be either greater or less. Either 
assumption leads to a set of self-con- 
sistent propositions, the latter to a set of 
propositions known as the Lobatchevkian 
geometry, the former to a set of propo- 
sitions known as Riemannian geometry. 
In terms of the parallel postulate a 
geometry is Euclidean, Lobatchevkian or 
Riemannian, according as we assume 
that through a point may be drawn one 

ne, two lines or no line parallel to a 
given line. Each of these geometries is 
as true as the other, in the sense that 
they are equally self-sufficient. If we 
isk which of these geometries is true in 
the physical sense, that question has no 
meaning, for we have seen that geometry 
does not deal with physical objects, nor 
with physical properties. As Poincaré 
puts it in one of his essays, ‘‘the question 
as to which geometry is the true geom- 
etry is aS meaningless as the question 
whether the metric system or the En- 
glish system of measurements is the true 
system. ’” 

This example has been dealt with at 
some length in order to show that there 
is no essential difference between direct 
lefinitions and definitions by postulates. 
Postulates are conventions, limitations, 
if you please, which the mathematician 
imposes on the creatures of his imagina- 
tion. These creatures are real only in 
the sense that they are conceivable; the 
theorems which he deduces regarding 
them are true only in the sense that they 
are consistent. It is this property that 
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enables the mathematician to 
absolute freedom in the choice of his ma- 
terial and the choice of his 
This is what is meant when we say that 
mathematics is an 
that the essence of mathematies lies in its 
freedom. 

Now because mathematics deals with 


exere1st 
postulates. 
science, 


autonomous 


ideal constructions, and exercises the ut- 
freedom in the choice of its 
has been supposed that this 


ma- 


most 
terial, it 
choice is arbitrary or capricious. In- 
deed, there is a wide-spread suspicion 


that a great deal of mathematical theory 
is entirely unrelated to life or to the 
material world. Some definitions, as 
Pieri’s of mathematics as the hypo 
thetico-deductive science, or Russell’s of 
mathematics as the class of all proposi- 
tions of the type ‘p implies q’, do seem 
to warrant the view that one set of con- 
ceivable definitions, one set of consistent 
postulates is as legitimate a starting 
point for a mathematical investigation 
as any other. Such a view, however, re- 
duces the principle of ‘‘science for sci- 
ence sake’’ to an absurdity. 
concatenation of random 
would be as fruitless as the pastime of 
constructing 
puzzles. 
The mathematician exercises freedom, 
but it is freedom tempered by wisdom. 
From among an infinitude of conceivable 
ideal constructs, he is guided in his 
choice by a discernment of what is im 
portant, by a delicate discrimination of 
what is typical, by a penetrative insight 
and intuitive perception which enable 


An aimless 
consistencies 


anagrams or cross-word 


him to single out the essential character 
istics of a phenomenon or set of phe- 
nomena whose explanation is sought by 
the inquiring mind. Thus the postulates 
which form the basis of the various sys- 
tems of geometry arbitrary 
propositions, but proposi 
tions, as Klein calls them, which have 
their origin in space intuition. For this 
reason the theorems of geometry apply 
more or less accurately to physical space, 


are not 


reasonable 
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they constitute the ideal handling of 
space relations. 

Mathematies, then, is the ideal science, 
the science par excellence, which fur- 
nishes, as it were, the framework, the 
patterns which underlie the manifold 
phenomena of the physical world. It is 
a hyper-world, a super-sensuous world, 
the most stupendous and sublime of all 
fictions, yet a fiction which is true to 
reality, which matches reality at every 
point. It replaces the obscure images 
of sense by well-defined counterparts, 
and the vague and fleeting objects of the 
perceptual world by ideal constructs, 
constructs amenable to precise treat- 
ment. Mathematics in the main oeccu- 
pies itself with the discovery of ideal 
relations which are approximately 
matched, asymptotically approached, we 
might say, by the phenomenal universe. 


II 


Let us now turn from the meaning of 
mathematics to a brief discussion of its 
methods. The popular view, sanctioned 
by such definitions of mathematics as 
most dictionaries give, is that mathe- 
maties is the science of deduction par 
excellence, a view which culminated in 
the theory that all mathematics is logic. 
This view does indeed account for the 
perfect rigor of mathematical conclu- 
sions, but it leaves one at a loss to ac- 
count for the endless variety of its as- 
tonishing results. This view, as we have 
already seen, involves an irreconcilable 
contradiction. A logical mill grinds 
only what is put into the hopper—it can 
change the form but can add nothing to 
the substance. What, then, is the source 
of the endless vistas of new relations, 
new properties, new truths which the 
mathematicians produce from an appar- 
ently inexhaustible store? The contra- 


diction can only be removed by accept- 
ing an entirely different view of the 
methods by which mathematies proceeds 
in its discovery of truth. 
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The reason for this mistaken view +) 
mathematics proceeds by deductio; 


due to the circumstance that the res): 


of mathematical investigations have } 


traditionally invested in deductive fo; 


It was the method which Euclid eho 


in compiling his Elements of Geometr 
It is the form in which Archimedes m, 


known to the world the fruits of 
labor. The great weight of his exam; 


established the procedure for others. 
til it has become the vastly predo: 
nating, if not the exclusive form. 
which the results of mathematica] 
quiries are cast before they are | 
lished. But every mathematician ki 
that the method of mathematical 
position is seldom, if ever, the met 
of mathematical discovery. A finis! 
demonstration rarely, ever gives a | 
as to how the results were arrived 
in the first place. Deduction, it is ) 
held by many, has frequently been « 


liberately chosen as the most effectus 
means of hiding discovery, a successful 


method of effacing all traces of the tor 


tuous paths which preceded the constru 
tion of the finished highway. Or it 


may change the figure, deduction is, as 


it were, the finishing process to wh 
the mathematical product is submitt 


before leaving the factory, the veneering 


which covers up not only the blemishes 


and imperfections but also all details 
construction. 
A misconception once firmly intrench 


and supported by eminent authorities 


however mistaken, is difficult to dislodg 
Was it not Huxley who said that t! 


mathematician is occupied with nothing 


but deduction and verification since al! 
the inductions he needs were complete 


ages ago? 
‘*knows nothing of observation, noth 


of experiment, nothing of inducti! 


nothing of causation.’’ 


And again that mathematic 


Yet I venture to show that deduction 
far from being the exclusive method 0! 
mathematical investigation, is not eve! 
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+ predominant method. Mathematical 
problems are more frequently solved by 
nalysis than by synthesis and inductive 
reasoning far outweighs deductive rea- 
ning. Actual discovery in mathematics 
proceeds by cooperative efforts of all the 
Progress in mathemati- 


mental powers. 

investigations depends upon compar- 
‘son and generalization quite as much as 
joes progress in the physical sciences. 


4nd as in the physical sciences, so in 
mathematies, isolation, observation, class- 
feation, trial and verification are con- 
stantly employed. 
In opposition to Huxley’s view on a 
subject which he did not understand, let 
» quote the views of two mathemati- 
ians of the first rank: Sylvester, the 
father of American mathematics, said: 
Mathematical analysis is constantly invoking 
the aid of new principles, new new 
ls, not capable of being defined by any 
form of words, but springing direct from the 
herent powers an of the human 
i, and from continually renewed introspec 
n of that inner world of thought of which 
phenomena are as varied and require as 
se attention to discern as those of the outer 
physical world, .. . it 
forth the faculties of 
parison, one of its principal weapons is induce 
n, it has frequent recourse to experimental 
l and verification, and it affords a bound 
ess scope for the exercise of the highest efforts 
f the imagination and invention. 


ideas, 


activities 


is unceasingly calling 


observation and com 


The same view was voiced by Hobson 
in his presidential address before the 
British Association for the Advancement 
f Seience in the words, ‘‘the actual 
evolution of mathematical theories pro- 
ceeds by a process of induction employed 
in building up the physical sciences ; ob- 
ervation, comparison, classification, trial 
and generalization are essential in both 
ases.’’ To the charge that mathematics 
knows nothing of causation, Hobson 
sald : 

The opinion appears to be gaining ground 
that the very general conception of function- 
ality, born on mathematical ground, is destined 
‘0 supersede the narrower notion of causation, 
traditional in connection with the natural 
sciences. As an abstract formulation of the 


idea of determination in it 
the notion of functionali 


scends the more pecial 


by means of present « 
to express the fact 
general law of past, present 
in a sequence of phenome! 
of view the remark of Hux! 


eel 


knows nothing 


= 


taken to express 


term ‘‘ causation’ 
causation.’’ The 
recent times been 
garded as just 
sciences as it is in mathe 
thorough-going determina: 
with formal law, 
significant in eit} 


But why rely on authority where 
facts 
viously 
truths must 
observation long before 
If proof were needed we 
fact that child 
number of geo- 
takes up 


accessible to all? It is 
that 
have 


are 

reometr 
the 
they yielded to 


true many 


been result of 
demonstration. 
might the 
knows a considerable 
facts long before he 


cite every 
metrical 
the study of demonstrative 
Such that lines 
everywhere equally that 
side of a triangle is less than the 
of the other two; the propositions re- 
garding the congruence of triangles; the 


geometry 


facts as are 


parallel 
distant : one 


sum 


essential properties of isosceles and equl- 
lateral triangles, and many others are 
observation. Who 
relations as those 


matters of common 
can doubt that 
between the squares of the three sides of 
a right triangle, of the angles inscribed 
multitudes of 
true 


such 


in a semicircle and 
others, 
before they were demonstrated mathe- 


Surely, all applied mathe- 


were observed to be long 
matically ? 
matics proceed by observation, namely, 
the observation of order and regularity 
or periodicity and symmetry which at- 
tract attention and invite investigation. 
The observation that ellipses, 
parabolas and hyperbolas can all be cut 
from the same cone incited the early 
Greek mathematicians to the pursuit of 
the marvelous relationships and proper- 


Cl reles, 
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ties of the conic sections. The path of a Later I was able to show that +i, sponding 1 
fixed point on a rolling wheel, actually quotiential calculus and the differ, ntis The theory 
seen or imagined, was the occasion which calculus are but two links in an endlo« jeals with 
led to the elaborate theory of cycloids chain of calculi. A slight modificatig, and theor 
and trochoids. Certain relations ob- in the so-called involution process leads The theory 
served while constructing his plane- to an infinite sequence of processes variable co 
tarium led Huyghens to conceive and which any consecutive three are relate) zations of 
develop the theory of continued frac- in precisely the same manner as are adj variables. 
tions. If you will pardon a personal al- tion, multiplication and _involut; to mentior 
lusion, I will add that it was observation Each consecutive three of this sequen which is 0 
of the wonderful symmetry and beauty of processes may now be employed : tempt to ge 
of the curves described by a toy called define a limiting process complet Generali: 
the wondergraph that suggested to me analogous to differentiation. This pro jown as 0 
the conception of cyclic-harmonic curves, ess I have called ratientiation, th mployed i 
the theory of which absorbed my atten- responding calculus, the calculu fact, this n 
tion for several years. ratients. utset. T 
Let us next consider generalization. Again the largest of my later pape 9 we have se 
Instead of being foreign to mathematics which deals with the sums of products f abstract: 
I consider it one of its most fruitful on n consecutive integers is a genera eralization 
methods. Looking over a list of my own tion of the results of a score of papers J that some « 
contributions in mathematies, I find that dealing with the sums of products of 1 mathematic 
nearly one fourth of them originated in first n integers. Incidentally during hand him 


the attempt to generalize known results. course of this investigation I was led : something 


My first doctor’s thesis deals with an ex- a generalization of Wilson’s theorem, 0 makes it s¢ 
tension and subsequent generalization of of the most fundamental theorems in §j matical di: 
the differentiation process. Differentia- the theory of numbers, and which ha 

tion is based on the assumption that all already been generalized in various ¢.. talks nonse: 
quantitative changes are due, or may be rections. Each generalization, of cours he talks ab 
conceived of as being due, to accretions, extends the domain to which the theoren which you 
that is, the increments of the variables applies and, therefore, increases its use. generalizati 
under consideration are taken as addi- fulness. !] numbe 
tive. The limit of the ratio of corre- I have chosen these two examples nultiplicati 
sponding additive increments of the de- the use of generalization in mathematical J to someth 
pendent and independent variable is research from my own work becaus hands. He 
called the derivative, and this is the they happen to be examples that an generalized 
fundamental concept of the differential easily understood. But it is not n 0 doing ha: 
calculus. Now it occurred to me that sary to stop with examples. There ar Jp properties 
quantitative changes could as well be whole branches of mathematics whic t before. 
thought of as due to expansion, and consist in a large measure of generaliza- bers, quate 
corresponding changes compared by tions of known results. Take spherica bers, ideal 1 
means of their logarithmic ratios. The trigonometry. All the theorems relating Mj ™atrices, 1 
limits of such ratios I called quotiential to spherical triangles are, in a sens and the el: 
coefficients, and I was able to show that generalizations of the theorems relating Mm them but t 
it is possible to develop a complete cal- to plane triangles. By making th applying kr 
culus, whose fundamental concept is the curvature of the sphere equal to zen larger and | 
quotiential coefficient, and that this cal- any formula of spherical trigonometr things ? 
eulus is not only self-consistent, but goes over into a corresponding formuls One forn 
could be employed for the interpretation for plane trigonometry. Many of th by the sam 
of natural phenomena quite as well as_ theorems of analytical geometry of thre that mathey 
the differential calculus. dimensions are generalizations of corr duction, Pc 
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sponding theorems in two dimensions. 
The theory of functions of a real variable 
tals with generalizations of concepts 
and theorems of elementary calculus. 
The theory of functions of a complex 
rariable consists largely in the generali- 
tions of theorems pertaining to real 
variables. In fact it would be difficult 
mention a branch of mathematics 
shich is not the outgrowth of the at- 
‘empt to generalize known results. 
Generalization, then, must be put 
own as one of the dominant methods 
employed in mathematical research. In 
fact, this might be anticipated from the 
The mathematical concepts, as 
we have seen, are the combined results 
f abstraction and generalization. Gen- 


eralization is so typical of mathematics 


hat some one has said, ‘‘ Whatever the 
mathematician touches he changes—you 
hand him one thing and he returns 
smething different.’’ It is this that 
makes it so difficult to follow a mathe- 
matical discourse and that frequently 
makes it appear as if the mathematician 
talks nonsense. It is because the things 
he talks about are no longer the things 
which you know by the same name, but 
generalizations of them. The things you 

ill number, points, lines, angles, sum, 
multiplication, power, root, have grown 
into something quite different under his 
hands. He has extended, transformed, 
gneralized each of these things and by 
» doing has created a new universe with 
properties and phenomena undreamed 
f before. What are complex num- 
bers, quaternions, transcendental num- 
bers, ideal numbers, transfinite numbers, 
matrices, vector systems, hyperspaces 
and the elaborate theories based upon 
them but the results of generalization, 
applying known results and laws to ever 
larger and more diversified categories of 
things ? 

One form of generalization is known 
by the same induction. If Huxley said 
that mathematics knows nothing of in- 
duction, Poincaré, one of the greatest 
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mathematicians of all 
induction as the very essence of 
matics, the one principle without 
mathematics as a could 
exist. 

The veriest tyro in mathematics knows 
that induction is used incessantly as a 
method of arriving at new results. 
Every elementary text-book of mathe- 
matics abounds in theorems which the 
student is led to discover by induction 
before they are demonstrated. Illustra- 
tions are the theorems relating to the 
divisibility of the sum of two odd powers 
by the sum of the numbers; of the differ- 
ence of two even powers by the sum and 
the difference, the binomial theorem for 
positive exponents, the theorems for the 
summation of series, and countless oth- 
ers. And induction as used as an aid 
in discovery in inathematices is of pre- 
cisely the same type as that used by the 
naturalist or physicist. It consists in the 
anticipation of a general law or relation 
from a number of specific instances. 
The fact that mathematicians do not ac- 
cept the results suggested by induction 
as finally established until arrived at 
by demonstration does not destroy the 
utility of the method as an aid in mathe- 
matical research. 

Observation, generalization, induction 
are as essential and of as common use in 
mathematics as in deduction proper. 
Nor is experimentation entirely foreign 
to mathematical research. It is said that 
Archimedes determined centers of mass 
geometrical figures by actually balancing 
on points and knife-edges material solids 
representing such figures. Eratosthenes 
became famous through his experimental! 
method of constructing a table of prime 
numbers. In geometry models and 
drawings are used constantly to aid the 
imagination in its grasp of relations, to 
anticipate new properties, as well as to 
verify theoretical results. As great a 
modern mathematician as Felix Klein 
charged metallic plates electrically in 
order to prove the existence of functions 


time, considered 
mathe 
which 
not 


science 
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possessing certain singularities. The methods of thought are applied to by unive 
distribution of the current on the plates, plete the structure by giving it that per. 
he reasoned, would correspond to funec- manent, imperishable form which ¢ha». 
tions of the type sought for. acterizes the mathematician’s work _ 
While the use of experiment as a 
method of mathematics is, no doubt, lim- III 
ited, its use in verification is universal. 
He knows little of the methods employed 
by mathematicians and certainly has 
never seen a mathematician at work, 
who imagines that theorems spring forth 
full-fledged from the mathematician’s manifold material advantages which idea of 
brain. The most recondite theorems in have accrued to mankind through t! mathema’ 
number theory, the most abstract of all USe of mathematics in the shop, the fae. place am 
mathematical theories, are submitted to tory and the counting house; through cepted by 
numerical verification whenever possible. its application to surveying, to navig Metaphys 
Sometimes weeks are spent in the nu- tion, to the building of aqueducts, canals deny tha’ 
merical verification of a theorem that Tailroads, bridges and highways; or | lo with ¥ 
can be stated in a single line. Such the aid it has rendered the architect and beautiful, 
verifications are seldom published and the master builder; or the share it has species ar 
frequently not even mentioned, yet it is had in the achievements of all forms of the mathe 
safe to say that in the aggregate much M™odern engineering, whether naval, n a mos 
more time is spent by the average mathe- civil, mechanical, hydraulical, electrical therefore, 
matical investigator in trial and verifi- ©F aeronautical, which through thei tracted th 
eation than is spent in the derivation of Conquest of the physical forces of natur Leonardo 
his theorems. Eminent mathematicians ave immeasurably improved the living Angelo ar 
are on record as having resorted to conditions of mankind. Nor am I thi matical se 
thousands of trials to verify single ele- ing of the indispensable aid that math that the 
mentary conclusions in probabilities. matics has rendered to the other sciences have alws 
I think we are now in a position to © physics, to astronomy, to chemistr with the ; 
see why mathematics progresses by leaps statistical science and to the scie ture, 
and bounds even after centuries of evo- Of risks, many of whose problems are 1 Am I « 
lutionary development. It is because even intelligible without a considera! with eonje 
mathematicians avail themselves of the knowledge of modern mathematics. No: ies? Let 
methods that alone are fertile. ‘‘There 40 I wish to dwell on the central rol among a Ir 
was more imagination,’’ said Voltaire, which modern mathematies has played in nowledge 
‘in the head of Archimedes than in ¢Very Serious attempt of modern philoso- cian to juc 
that of Homer.’’ ‘‘The moving power phy to find a ‘‘cosmos in the seeming a Wagner 
of mathematical invention,’’ said the chaos of the physical universe.’’ A! give a tr 
great DeMorgan, ‘‘is not reasoning but these topics are worthy of separate con- pleasures 1 
imagination.’’ In fact all the powers of siderations, but the present hour is all ies than 
the mind are marshalled to united effort, too short for that purpose. rightly vie 
all the methods known to science are In speaking of the mission of matle- not only t 
drafted into active service, for the ad- matics I am thinking of mathematics as beauty col 
vancement of mathematical knowledge, 4 spiritual enterprise, which like religion sculpture, 
for the discovery of mathematical truths. and art ministers to a spiritual need. our weaker 
It is only after new relations have been want to dwell briefly on the share whieh trappings 
surmised, new theorems anticipated and mathematics has in those great huma sublimely | 
new problems formulated that ratiocina- interests, those spiritual enterprises, t perfection 
tion can do its work, that strictly logical which we owe such permanent values, & can show. 


é rishe¢ 


from tin 
reans co 

I now come to the third and final par foundati 
of my subject—the mission of the p }. them all 
ern mathematics. The term mission sug. beauty w 
gests that I am not thinking of ; festation: 
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hy yniversal consent, constitute the most 
erished possessions of our race. 
That mathematics deserves human re- 
vard on the same grounds as poetry, 
musi¢ or plastic art has been recognized 
time immemorial. The Pythago- 
reans conceived of mathematics as the 
To 
them all order and harmony, all law and 
beauty were but as many different mani- 
festations of number relations. This 
lea of the close relationship between 
mathematics and art became a common- 
nlacee among the Greeks. It 
cepted by the great Aristotle, who, in his 
Metaphysics, takes to task those who 
deny that mathematics has anything to 
with what is beautiful. ‘‘Of what is 
beautiful,’’ he says, ‘‘the most important 
species are order and symmetry, and this 
e mathematical sciences make manifest 
n a most eminent degree.’’ It 
therefore, probably no accident which at- 
tracted the great masters in art, notably 
Leonardo da Vinci, Raphael, Michel 
Angelo and Alfred Diirer, to the mathe- 
matical sciences; or a mere coincidence 
that the golden epochs in mathematics 
have always been nearly synchronous 
with the golden ages of art and litera- 


mre 


fram 
PUL 


foundation and essence of all art. 


was ac- 


was, 


Am I dealing with outworn creeds, 
with conjectures and doubtful generali- 
Let me cite a few witnesses from 
mong a multitude, who can speak with 
nowledge; for just as it takes a musi- 
cian to Judge fairly the performances of 
a Wagner or a Chopin, so no one can 
give a truer appraisal of the esthetic 
pleasures to be derived from mathemat- 
ies than its devotees. ‘‘ Mathematics, 
rightly viewed,’’ says Russell, ‘‘ possesses 
not only truth, but supreme beauty—a 
beauty cold and austere, like that of 
sculpture, without appeal to any part of 
our weaker nature, without the gorgeous 
trappings of painting or music, yet 
sublimely pure, and capable of a stern 
perfection such as only the greatest art 
can show. The true spirit of delight, the 


ing more than 
of the high 
found in mat 

"* Here 
we have a partial explanation of the com 
munity of delight of which Wordsworth 


ot be 


exaltation, the sense 
man, which is the touchstone 


est excellence, Is to be 


maties as surely as in poetry 


must have been keenly conscious when 
he mused 


**On poetry ane 


And their high 


an idea further amplified by the philoso 
pher-mathematician, Thomas Hill, in one 


of his essays when he says: 


Mathesis 
same power of imagination 
head, the 
creation, 
the Mathematics 
mirer of 


and Poetry 


dressed to the 


Poesy is a 


them, 
stupendous of fictions. 
only pabnocs ; learning, but zoinots;, 


tion, 


‘*Who that 
such men as Euler, Lagrange, Cauchy, 
Riemann, Sophus Lie and Weierstrass,’’ 
doubt that a 
mathematician is a great artist?’’ 


has studied the works of 


asks Hobson, ‘‘can creat 


However far the ca 
mathematician may s¢ 
bold flight of the artist’ 
Lampe] it must be 
pressions are but momentary 


remembered 


arbitrarily from among th 

In the projection of new theori 
matician needs as bold and creatiy 
as the productive artist, and in the 
of the details of a composition the artist 
calculate dispassionately the means whicl 
necessary for the successful consumm: 
the parts. 


generation, of forms out of mind 


is the ere 


Common to both 


American 
higher mathematics, himself a man of a 
highly developed artistic temperament, 


Sylvester, the founder of 


was ever conscious of the essential unity 
of mathematics and the fine arts. 

world of ideas which mathematics dis 
illuminates, the contemplation of 
divine beauty and order which it induces, the 
harmonious connection of all its parts, the in 
finite hierarchy and absolute evidence of the 


The 


closes or 





424 THE SCIENTIFIC MONTHLY 


truths with which it is concerned [he exclaims] 
these, and such like, are the surest grounds of 
the title of mathematics to human regard. 


And in another place he asks, 


May not music be described as the mathe- 
matic of sense, mathematic as music of the 
reason? the soul of each the same! Thus the 
musician feels mathematic, the mathematician 
thinks music—music the dream, mathematics 
the working life—each to receive its consumma- 
tion from the other when the human intel- 
ligence, elevated to its perfect type, shall shine 
forth glorified in some future Mozart-Dirichlet 
or Beethoven-Gauss—a union already fore- 
shadowed in the genius and labors of a Helm- 
holtz! 


Expressions like the foregoing could 
be multiplied almost indefinitely, but one 
other must suffice. It is Boltzmann’s 
answer to the query, Can anything be 
beautiful where there is not the slightest 
attempt at external embellishment? 
Boltzmann’s answer is: 


It is this very simplicity, the indispensable- 
ness of each word, each letter, each little dash, 
that among all artists raises the mathematician 
nearest to the World-creator; it establishes a 
sublimity which is equalled in no other art,— 
something like it exists at most in symphonic 
music. . How expressive, how nicely char- 
acterizing withal is mathematics! As the musi- 
cian recognizes Mozart, Beethoven, Schubert in 
the first chords, so the mathematician would 
distinguish his Cauchy, Gauss, Jacobi, Helmholtz 
in a few pages. Extreme external elegance, 
sometimes a somewhat weak skeleton of conclu- 
sions, characterizes the French; the English, 
above all Maxwell, are distinguished by the 
greatest dramatic bulk. Who does not know Max- 
well’s dynamic theory of gases? At first there 
is the majestic development of the vibrations of 
velocities, then enter from one side the equa- 
tions of condition and from the other the 
equations of central motions—higher and higher 
surges the chaos of formulas—suddenly four 
words burst forth ‘‘Put n=5.’’ The evil 
demon V disappears like the sudden ceasing of 
the basso parts in music, which hitherto wildly 
permeated the piece; what before seemed be- 
yond control is now ordered as by magic. There 
is no time to state why this or that substitution 
was made, he who can not feel the reason may 
as well lay the book aside; Maxwell is no pro- 
gram-musician who explains the notes of his 
composition. Forthwith the formulas yield 


obediently result after result, until th 
perature-equilibrium of a heavy gas is r 
as a surprising final climax and the 
drops. 


Now if it be granted that mathemat 


has a place among the fine arts, it mus 


have a share in the mission of a] 
which I take to be the ministration t 
esthetic needs of our race through 
creation and revelation of beauty 
whatever form. There is, however. st 


another domain in which mathematies js 


the chief, if not the sole, ministrant 


refer to the domain of pure intellectio, 
the empire of rationality, the world of 
concatenated ideas, the only universe j 


which truth has a meaning. 
For what is truth? I need not 


this company of the dismal failure of t! 


search for truth in the world of p 
nomena. 


throughout the centuries. 


man’s attempts to reduce to a sembla: 


of order what would otherwise be but ‘' 


big, booming, buzzing confusion,’’ 
James once called it. 


Yet we are all conscious, too painfull; 
conscious, of a craving for truth, for 
certainty, for permanence, for something 


that is stable and enduring. ‘‘Th 


of the dying Goethe, ‘More light, mor 
light,’ ’’ says Dodgson, author of ‘‘ Alic: 


in Wonderland,’’ ‘‘is the ery t! 


throughout all the ages, is going up fro 
perplexed humanity, and science has 
little else to offer that will really meet 


the demands of its votaries, than 
conclusions of 
Mathematies has gradually evolved 


ideal world, an ordered cosmos, close!) 
matching though transcending the world 


of reality, a world amenable alone 
laws of reason, a cosmos in which 
and consistency reign supreme. 





That truth can not be foun 
in the world of sense and matter has bee: 
the universal verdict of philosoph; 
We are not 
sure of the facts of nature, much less of 
its laws, on the contrary we are quit 
sure that things are not what they seen 
and that the laws of nature are but 


pure mathematics.” 
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Wordsworth has it, ‘‘in verity, an inde- 
pendent world, created out of pure intel- 
ligence.’” In this world reason has built 
itself a home, a dwelling place, whither 
‘+ can withdraw from the ‘‘dreary exile 
f the natural world.’’ For are not 
mathematical truths eternal truths? Be- 
fore the laying of the foundations of the 
world, and after the heavens shall have 
been rolled up like a scroll, the endless 
galaxies of mathematical theorems will 
ine forth as unchangeably true, as 
lazzlingly beautiful, as majestically 
pure and austere as on the days of their 
births. In this world of ideals, mathe- 
matics is symbolized by the Hercules of 
mythology who liberated the tortured 
Prometheus, shackled and chained to the 


} 
hime 
shine 


rocks. 

Clifford in one of his essays speaks of 
geometry as having been throughout the 
centuries ‘‘the encouragement and guide 
of that scientific thought which is one 
thing with the progress of man from a 
worse to a better state’’—the encourage- 
ment through its revelation of a body of 
truth that ean be absolutely relied upon, 
the guide, because it furnishes an ideal 
f perfection which has been the aim of 
every other science to approximate. The 
truth of this view is manifest on every 
The chemicization of biology, 
the physicization of chemistry, the 
mechanization of physics and the mathe- 
maticization of mechanics are the suc- 
essive steps in the gradual approxima- 
tion of that rationalization of the world 
f phenomena to which mathematics has 
pointed the way. 

Mathematics thus offers a partial re- 
sponse, and, I believe, the only conceiv- 
able response, to one of the three great 


hand. 


aspirations of the human soul—the as 
pirations for the good, the beautiful and 
the true. And as religion 
chief domain the search for the 
for its mission to minister to the 


has for its 
good and 
mora 
needs of man, as art in its quest for the 
beautiful ministers to the esthetic lif 
mathematics in revealing the meaning 
truth has ministered and wi 
ister to the intellectual life of men 
The view which | thus 
quately set forth, though it runs counter 
to the familiar that men see in 
mathematics, is not new. I think it is 
foreshadowed in the fine phrase attrib 
uted to the Pythagoreans that 
maties is ‘‘the purifier of the reasonable 
What the 


Plato’s ‘‘God geometrizes continually’’? 


have inade 


uses 


mathe 


soul.’’ else is meaning of 
Goethe must have had the same idea in 
mind when he pronounced mathematics 
the ‘‘fountain of all thought,’’ 
Novalis etherealized it when he 
mathematies ‘‘the life 
mathematicians ‘‘divine 
Schellbach said ‘‘ Who knows not mathe 
dies without knowing truth.’”’ 


and 
called 
supreme’’ and 


messengers. "9 


matics... 

In conclusion and for the purpose of 
reinforcing the view of the chief mission 
of mathematics which I have attempted 
forth I 


from Keyser’s 


to set will quote a paragraph 


é< 


Universe and Beyond.”’ 


The domain of mathematic 
of certainty. There and there : 
standards by which every 
the external universe and all o 
experiment must finally be 


1 


realm to which all speculatior 


must repair for chastening and sanitatior 
court of last resort, I say it 
intellection 
man or deity. 


reverently. for 


whatsoever, whether of demon 








THE “NITROGEN CYCLE” IN EDUCATION 


By Dr. WILLIAM H. STONE 
OHIO STATE UNIVERSITY 


One of our commonest figures of 
speech makes oxygen the ‘‘breath of 
life.’’ Comparable figures might iden- 
tify other elements as equally indis- 
pensable to existence. Nitrogen in the 
tissues of the body is as necessary to life 
as is oxygen in the lungs. The influence 
of the latter is immediate and direct, 
however; of the former, indirect and 
relatively remote. Hence, the impor- 
tance of the flame over the frame and 
the fuel has been a matter of common 
misunderstanding. 

Always, of course, there has been a 
felt need for strengthening and energiz- 
ing foods, instinctive to all animal ex- 
istence, including man. Nitrogenous 
foods have always been sought, first 
under the native animal urge for sur- 
vival, and later upon the empirical prin- 
ciple of observed results—for primitive 
societies are nothing if not pragmatic. 
But only in relatively modern time has 
scientific study and description rational- 
ized the universal continuous demand 
for both oxygen and nitrogen in physical 
functioning. 

It is axiomatic that knowledge of the 
indirect and remote, like wisdom, lingers. 
So that, although nitrogen was discov- 
ered as an atmospheric element a few 
years prior to the isolation of oxygen 
(both coming within the half-decade 
between 1770-75), the discovery of their 
true relationship to life was naturally 
reversed in time. Command and effect 
of oxygen being direct and immediate, 
its importance was patent. Not so with 
nitrogen, however. While, on the aver- 
age, slightly more than three fourths of 
the volume of the air we breathe is 


nitrogen (as compared with but one fift 
of oxygen), no direct or immed 
interaction between this dominant gas 
and the body is observable—for 
simple reason that it does not exist 
any major functioning. The bod 
which can not subsist without nitrog 
is always immersed in that indispensab 
gas, breathes and bathes in it conti: 
ously; yet is impotent directly to ma 
use of the precious element. For nit: 
gen is an ‘‘inert’’ gas, as directly unal 
to take its indispensable place in ply 
ical form or functioning as the body 
helpless directly to utilize it. Hence, 
general knowledge of its circuitous wa) 
into the body’s multiplicity of cells ha 
been relatively tardy. 

Understanding of this devious pat! 
‘*free’’ nitrogen from the atmospher 
usable compounds in the body tiss 
has taken the scientist afield with th 
humble husbandman. As far back 
agriculture existed, undoubtedly, tiller 
of the soil knew that certain plants (n 
known as ‘‘legumes’’) were foods oi 
remarkable potency. That was obvious 
and simple. But they observed, also, 
fact of much mystery, viz., that thes 
same plants instead of exhausting t! 
soil actually enriched the ground fro: 
which they drew their substance. He 
was one of various matters whic! 


smacked of magic; yet a fact established 


empirically, hence religiously utilized 
So it came about that in the times whe! 
Asiatic fig growers were mysticall) 


hanging cuttings of branches from cer- 
tain trees among the branches of other 
trees in order to insure a yield, Roman 
farmers, and doubtlessly grain husband- 
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THE “‘NITROGEN CYCLE”’ 


men throughout the earth, were practis- 
ng the magic of seeding their poorer 
soils to certain plants (leguminous) in 
order to enrich them while at the same 
time deriving from them valuable crops 
_albeit the Roman custom lacked in 
sedulousness in later times, if we are to 
accept the explanation advanced by 
Lueretius for the fall of the Empire. It 
remained for modern science to resolve 
these and many similar riddles of nature. 
For science, which develops formulae to 
support or destroy empirical conclusions, 
has written a simple explanation of the 
seming magic of the legumes as one 
stage or factor in the ‘‘ Nitrogen Cycle.’’ 

The leguminous plants, chiefly clovers, 
supplemented by peas, beans, ete., in 
minor roles, are hosts to bacteria which 
the denied to man, of 


possess 


power 


transforming or fixating free nitrogen 
from the air into usable soil compounds 
available for plants, thence for animal 


utilizations fundamental to existence. 
Thus plant life, of specific varieties, con- 
stitutes a link between the 
animal body and its indispensable nitro- 
Animal life (upon major 
True, 


necessary 


gen element. 
scale ) possesses no such power. 
human intelligence has discovered cer- 
tain limited sources of nitrogen com- 
pounds, and human ingenuity has de- 
vised chemical-mechanical means for 
manufacturing (fixating) usable nitro- 
gen from the air; but neither our Chiles 
nor our Muscle Shoals may ever meet 
plant and animal needs for this basic 
life element without the major service 
of the legumes. 

But the nitrogen cycle in soil fertili- 
zation and in maintenance of all animal 
life is now generally understood. De- 
tailed exposition of the phenomenon is 
not necessary ; hence, the foregoing brief 
statement of its significance is sufficient 
to serve the present purpose—which is to 
point out a parallel in the field of educa- 
tion, and one not so generally understocd 
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or appreciated. For the educational 
field, like the agricultural, must have its 
‘‘legumes’’ through which to establish a 
‘‘nitrogen cycle’’ indispensable to the 
spiritual life. 
within an atmosphere of inert element, 
the good life, but 
impossible of direct utilization. 


Spiritually, man lives 


indispensable to 
‘‘free,’’ 
Spiritual principles or precepts, ideals 

the multitude of virtuous abstractions 

these constitute the free nitrogen, the 
inert element of our educational atmos 
phere. Without them, ‘‘be 
phies, is impotent for growth of good; 


ing’’ atro 


character becomes a sterile soil produce 
tive of nothing better than good inten 
tions. 

Just as in the case of free nitrogen in 
the physical world, one may bathe in and 
breathe idealistic abstractions and still 
be barren of positive virtue. For the 
good life is neither understanding nor 
feeling, but 
doing, the sum total of customary be 
havior—habit. It follows that right 
principles affect life only as they find 


important as these are, 


fixation in the soil of constructive human 
experience. To effective they 
must be lived, cumulated in the nodules 
Here they 
constitute a soil enrichment from which 
spring bountiful harvests of personal 


become 
of desirable neural patterns. 
social behavior. 


In discovering 
‘*nitrogen C cle’’ 


and consciously em 


ploying this in devel 
opment 
education has been much less progressive 
than has Th 
psychologist has been slow to follow the 
path marked out by the soil chemist 
For, while agriculturists have for 
turies recognized their dependence upon 
the legumes of the nitrogen 
maintaining soil fertility, as the indis 
pensable basis of all plant productivity, 
educationists have gone on fatuously 
faithful in the expectation that virtue 
might be absorbed as emotionality if not 
directly assimilated as understanding. 


of social intelligence, scientific 


scientific agriculture. 


cen 


cy cle in 
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Hence, social intelligence has been sought 
as a response to emotional harangue and 
platitudinous moralizing. And during 
this time America has been strengthen- 
ing her hold upon the unenviable repu- 
tation of being the least law-abiding 
country upon the face of the earth! All 
that we have achieved of individual and 
national character has been a by-product 
of pragmatically controlled living rather 
than a result of abstract vaporizing 
through which, chiefly, it has been 
sought. Only recently and then re- 
luetantly are educators relinquishing the 
hope of inculeating virtue as knowledge 
or feeling. Only the accumulated teach- 
ings of ‘‘ habit psychology’’ are checking 
the earlier waste of breath in academic 
incantation—are bringing the conviction 
that morality, civiculture, ethics, religion 
(whether the religion of emotionality 
and fear or the religion of rationality 
towards which we are trending), that, in 


fact, no single personal-social virtue may 
become effective unless fixated in the soil 


of customary behavior. Finally, how- 
ever, the educator has discovered that 
just as it is impossible for the body to 
abstract directly from the air its neces- 
sary store of nitrogen, so is it impossible 
for the non-material being to draw 
directly from the atmosphere of aca- 
demic abstractions the store of social 
intelligence indispensable to the good 
life. In the former case, man has 
learned to rely upon nitrogenous foods 
made possible by nitrogen fixating 
plants; in the latter case, he is learning 
to look to habituation made possible by 
types of education effective in fixating 
knowledge and feeling into the fertile 
loam of behavior. 

Having finally found the scientific for- 
mula for development of the social intel- 
ligence, the alert educator has been 
quick to recognize the media necessary 
to its application; has identified the 
‘‘legumes’’ of the educational field as the 


so-called ‘‘practical phases’’ of learning 
Evidence of this is preponderant in +) 
multiplying of ‘‘activity’’ curriculg. 
the tendency, indeed, to ‘‘practicalix; 
all education by motivating it as natu) 
outgrowths of native tendencies to 
vestigate, to manipulate, to construct 
by activating it as repeated respons 
life-like situations—by fixating the a} 
stract facts of human aspirations int 
the living truths of human achievements 
through pleasurable participation j; 
controlled social situations. To-day 
only a comparatively small and dwin. 
dling band of die-hards are clinging 
blindly to an outgrown philosophy o! 
culture and to a worn-out psychology ot 
disciplinary magic, traditionally ascribed 
to ancient times and civilizations long 
dead, as content and method best suited 
to assure a social intelligence compatil|: 
with modern industrial America. An 
equestrian coat of mail for Mr 
Coolidge’s mechanical hobby-horse! 
Within a few years these atavistie advo 
eates will be as rare as are now thos 
who forego strengthening, energizing 
foods for a more direct extraction 
their necessary nitrogen from the 
mosphere. The ‘‘end of the Middl 
Ages,’’ foretold by Durant in comment 
ing upon the passing of Santayana, is 
hand; ‘‘hereafter it is America and 1 
Europe that will write America’s phi 
losophies’’—inecluding her  psycholog 
of learning. Already the Americaniza- 
tion of William James and John Dewe) 
has brought our educational! philosoph) 
both as to end and means, ‘‘down f1 
the clouds to deal with the affairs 
men.’’ Natural (unbossed) activity, 
motivated participation in socially de- 


sirable ‘‘affairs of men’’ is rapidly be- 


¢ 


coming the recognized end and way 0! 

all modern education, from kindergarten 

to college. 
What 


the agricultural legumes 


clovers, peas, beans, ete.—are in the 
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nitrogen eyele of the physical life, so are 
the educational legumes—the industrial, 
commercial, household and other practi- 
eal arts—to the growth and maintenance 
of the spiritual life. As content, they 
supply to childhood and youth a bounti- 
ful harvest of basie social-economic 
understandings and fundamental skills 
—as essential to social adaptation as the 


mother tongue. Among these practical 


arts, the industrial are dominant, for the 


simple reason that America is domi- 
nantly industrial. The first requisite 
towards effective citizenship is all-round 
industrial intelligence—elementary un- 
derstandings, appreciations, and control 
of the simplest mechanisms which, in 
their fullest development, are character- 
istic of that intensely industrial democ- 
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funda- 
content of the 


racy which is America. These 
mentals constitute the 
practical arts—immediate ‘‘ food values’’ 
of these ‘‘legumes.’’ 

But as method they are equally impor 
tant. For, like the legumes, while they 
supply directly a valuable harvest, also 
they enrich the soil in which they grow, 
with their wealth of actual or life-like 
situations, in interaction with 
children and youth crystallize desirable 
habits of living. Thus they motivate, 
they activate, they 
through 
they fixate the free element of virtuous 


which 


integrate learning 


social participation—in short, 
abstractions into personal-social habitua 
tions which in sum total constitute the 


worthy spiritual life. 








SCIENTIFIC FANTASIES 


By Professor D. W. HERING 
NEW YORK UNIVERSITY 


Is science out of place in the realm of 
fancy or fancy in the realm of science? 
It is the poet’s privilege to soar upon 
clouds of idealism; is it not the métier 
of the scientist to attend strictly to 
material affairs and serve the arts of 
commerce and industry? That idea is 
widespread: let the shoemaker stick to 
his last—although it is on record that a 
shoemaker, one William Carey, managed 
to make a deep spiritual impression upon 
the world. The scientist is supposed to 
be a prosaic sort of individual who de- 
votes himself so completely to facts that 
he must beware of displaying a lively 
imagination. Not that he would amount 
to anything if he were devoid of imagi- 
nation—he is no true scientist if he does 
not possess this dangerous treasure 
but it should be kept in the background. 
Enthusiasm that would excite admira- 
tion if directed to sports or business 
would rather disqualify a professional 
scientist hoping for the approval and 
support of the man of affairs. There 
may be occasions in which he can use his 
enthusiasm to inspire others, but, for the 
most part, he would better keep this 
(like other stimulants) for home con- 
sumption. He should not let it become 
conspicuous. In popular estimation, if 
he is suspected of such a failing, he is 
distrusted. The busy world is practical 
and the practical man has little sym- 
pathy with anything that smacks of the 
visionary. Impatient to discover the 
‘*practical’’ value of an idea, he asks 
‘*What has this work-a-day world to do 
with fantasies?’’ Well, it has more to 
do with them (or they with it) than is 
commonly supposed; for fantasies, even 
scientific ones, are not all harebrained. 
What with the achievements of science 


popularized and exploited in ‘‘ Creatiy 
this, ‘‘Marvels of’’ that, the other ‘‘]; 
Industry,’’ and the ‘‘Boy’s Book”’ 
them all, entertainingly written 
richly illustrated, the impression is 
duced that the only merit and almost th; 
only interest in science lies in its app! 
cation to industrial and commercial pur. 
suits. If the writers of these fascinating 
dramas of discovery and invention giv 
a glamor of romance to the careers of t! 
actors in them, it is usually a romance 
that reaches its climax in immense ir 
dustrial works or colossal fortunes 
tained after early struggles and disap- 
pointments. Therein, apparently, lies 
the only excuse for science and scientists 
and the stories are of a nature to emp! 
size this misconception of 
whether they are meant to do so or not 
They are buttressed by columns of 
ures—correct, perhaps, but leaning like 
Pisa’s Tower—and the pen pictures ar 
drawn in grotesque perspective. 1! 
reaction to this of a person who is not 
disposed to deify trade or manufacturing 
is to look upon science as at bottom 
prosaic if not actually sordid, and all 
that is not materialistic in him is repelled 
rather than attracted by it; and, more- 
over, it leads him to put an unfortunate 
construction on that magic word ‘‘suc- 
cess.’’ We hear of art for art’s sake, and 
we are taught to scorn the spirit of 
the miser who accumulates money for 
money’s sake, but we do not hear enoug! 
of science for the sake of science. T 
traits that inspired Galileo, Newton, 
Faraday, Bunsen, Kelvin, Pasteur and 
many other heroes who refused to cap!- 
talize their genius in cash or securities 
or to surrender to the promise of great 
wealth their devotion to science for its 


science 
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SCIENTIFIC FANTASIES 


wn sake, are obscured by the glare of 


ommercial aggrandizement. To the 
redit of modern industry be it said, 
however, that its captains to-day have 
gone far in the recognition of the mate- 
rial advantage to be derived from pure 
sience and now foster it to an extent 
and in ways which they would have dis- 
dained a half century ago. Perhaps we 
shall learn that scientific endeavors may 
be fruitful and may teach wholesome 
lessons without regard to so-called ‘‘ utili- 
ties.’’ Initial success in a small way 
does lead to commercial development and 
this, in turn, supplies the means and the 
incentive to further scientific research, 
but it is the scientific enthusiast, not the 
profit seeker, who sets the ball rolling 
and overcomes the early difficulties and 
disappointments. Capital is too sensi- 
tive and too cautious to venture upon an 
enterprise before it sees a good prospect 
of financial return. 

Since fantasies may be wildly specula- 
tive and in no ease need be conclusive, 
the scribe who writes of them may take 
comfort from the thought that he can not 
be held responsible for the truth or the 
want of it which they may display; nor 
is he under any obligation either to 
maintain or to refute them. In his most 
irresponsible mood, however, it is a satis- 
faction to him to perceive how intimately 
many a fantasy, with its contradictions 
and extravagances, is associated with 
sober human experience—a satisfaction 
that will stay with him so long as he 
remembers that the uncertain ideas and 
unstable conditions may be only fan- 
tasies. We have been reminded repeat- 
edly that the profoundest reflections of 
the natural philosopher—ideas that have 
led to the ocean cable, the electric 
dynamo or the airplane—have never 
lacked a romantic element, and our 
pleasure in the thought rises as we real- 
ize that this is as true to-day as it ever 
was. No fantasies in science? That is 
an unfortunate misapprehension ; scien- 
tists themselves protest against it but 


Aladdin and his 
Sindbad and 
Nights ; 


imaginative strivings of medieval grop- 


with not much success. 
lamp, the magic carpet, 
other stories from the Arabian 
searchings of the 


ers or dreamers: 


heavens by Galileo or Kepler; specula- 


tions of spiritualists; were not more dis 
tinctly fantasies than the present-day 
probings and daring hypotheses that are 
opening the inner recesses of Dame Na 
ture’s sanctum; and these 


always of the nature of fantasies until 


must be 


prolonged experience brings them out of 
the clouds and places them upon a solid 
footing. true, they 
prove to be mists that are soon dispersed, 
but even these are interesting while they 
last. When the 
brings us the announcement of 
new achievement or discovery, as morn- 
ing have fallen 
habit of doing, our wonder and admira- 
upon the thing 
long afterwards, per- 


Sometimes. it is 


morning newspaper 


some 
newspapers into the 
tion concentrated 
itself; not until 
haps when claims of priority are under 
discussion or litigation 
‘‘rights,’’ do we appreciate the work of 


are 


arises over 
imagination that culminated in a great 
realism—mental pictures, 
plans, a system of arteries and veins that 
distributed the life blood upon which the 
scheme lived and and matured. 
Assuredly, not all grow up; 
come to light, and among the waifs and 
strays of mental progeny are lame and 
misshapen figures, the outcome of ill- 


cogitations, 


grew 


many never 


conceived or misdirected fantasies. In- 
duction is not sufficient. Groping after 
clues, speculation as to how to account 
for new phenomena, has compelled scien- 
tists boldly and violently to burst the 
trammels of what had seemed to be laws 
that proved inadequate to new discov- 
eries, and each discovery but adds new 
perplexities. For example, the line 
spectra of elements, in their simple form 
long a powerful means of analysis along 
narrow separate paths, have become a 
wilderness ; energy in quanta instead of 
continuous flow brings out new relations 
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(or new explanations) of matter, energy, 
electricity, light—in short, the constitu- 
tion of the universe. It was a poet of 
the seventeenth century who used the 
startling figure of ‘‘the wrecks of mat- 
ter and the crush of worlds,’’ it is the 
physicist and chemist of the twentieth 
who pictures to us the shattering of the 
atom and the construction of a world. 
It is only ignorance that fails to see in 
the scientist the richest faculty of imagi- 
nation, and it is a mistake to think that 
he deals only with assured facts; he 
dreams dreams and sees visions, not at 
all to his discredit if he is not thrown off 
his balance by them. Although the truth 
is his goal ultimately, his fancies make 
the path to the goal sometimes flowery 
even if the facts are thorny. A differ- 
ence—perhaps the most significant one— 
is that whereas the fantasies of a story- 
teller are likely to be woven when the 
author is in a dreamy state, with eyes 
closed, those of science are the product 
of a weaver whose eyes are open and who 
is very wide-awake. 

Has art staged anything more dra- 
matic than the following sequence of 
events? The first conversation by Dr. 
Alexander Graham Bell over the tele- 
phone was on March 10, 1876, from his 
workroom upstairs to the cellar; electric 
waves from a spark discharge, foreshad- 
owed in the work of Faraday and fore- 
east by Maxwell, were first detected by 
Dr. Heinrich Hertz in 1887, These were 
strictly laboratory performances; both 
events were like newborn infants and re- 
quired careful, skilful nursing and, like 
the often cited baby, were of doubtful 
use. On March 7 ,1926, fifty years lack- 
ing just three days after Dr. Bell’s suc- 
cess and not quite forty years after that 
of Professor Hertz, conversation was car- 
ried on between New York and London 
for several hours, broadcast in electric 
waves and heard by telephone! Pro- 
fessor Hertz had died thirty-two years 
before this, and Dr. Bell as many 
months, but the work of these pioneers 


had been pushed by others no less dp. 
voted to it. Scientists were not so dy 

as to be unaware of the commercia] jim. 
portance of their discoveries, but th, 
great possibilities of financial gain cop. 
tributed very little to the thrill that 
came, on these several occasions, to ty 
men whose genius brought about this 
astounding dénouement. Fantasies? W, 
are not to suppose that final results (i; 
the results are final) are exactly like the 
image the worker had in mind in the 
beginning, but from the beginning h, 
envisages something not perceived by th 

unimaginative; sights unseen, flights un- 
flown, creations unformed—meaningless 
to the stolid brain—are real and vivid 
to the artist, whether he works wit! 
brush, with chisel, with pen or with th 

tools of the laboratory. That is just t! 

difference between the artist and th 
artisan ; one walks by faith and the other 
by sight. The situation of the imagina- 
tive scientist is not unlike that of Michel- 
angelo who saw the figure imprisoned in 
the block of marble and could not rest 
until he had set it free. Of such a sci- 
entist it has been said, ‘‘He is glad i! 
his discoveries can contribute to man’s 
economic welfare and material comfort, 
but he believes that the chief contribu- 
tions of science to civilization are its 
effects on thought and conduct.’ He 
is exultant when his discovery is har- 
nessed, but it is very discouraging to be 
called on to prove the ‘‘use’’ of a ree- 
ondite idea in advance. What the sci- 
entific devotee wants to do is to ad- 
vance science beyond its known appli- 
eations and let it find its field of opera- 
tion for itself; it is quite sure to do that, 
it runs no risk, there is no manner 0! 
doubt that it will prove of service even- 
tually; to-day the highest tributes o! 
praise are being paid to the greatest 
genius, the most widely distinguished 
and the least known of American scie2- 
tists, Josiah Willard Gibbs. 


1 Professor E. P. Lewis, The University o/ 


California Chronicle, July, 1925. 
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SCIENCE IN RUSSIA TO-DAY 


By Professor WILLIAM SEIFRIZ 


NIVERSITY OF 


ssi, for many of us, 1s a vast ex 


of territory extending from east 


n Europe to China; a land covered 


ith snow the greater part of the vear 
nd traversed only by sleighs, drawn by 
with queer wooden yokes and 


orses 
owed by wolves; a country notorious 
y its cold, desolation, ezars and pris- 
To be 
eard of large cities, such as St 
rg but 
ther than the 
‘ture which Russia presents, for in Si 


ers of exile. sure, we have 


Peters- 
these heighten 


rg and Moscow, 


soften awe-inspiring 
Petersburg have lived the ezars in whose 

mes awful things have been done, and 
loscow conjures up in our minds the 
retreating 


starving and 


rmy\ Recent events have added to the 


sion of a 


tragedy of Russian history. Revolu 
m has recurred with an intensity and 
n after-effect 

. 


tbreaks, and stories of great suffering 


surpassing all previous 


nd saerificee have been told us. 

It is only natural that our opinion of 
science in Russia to-day should fit in 
ith our conception of Russia as a 


1 


hole. It 


Russian 


is reasonable to believe that 
suffered the 


icissitudes as have the government and 


science has same 


the people. To a degree this is true, but 
much less so than is generally appreci- 
ited The doubts which have been ex 
and the 
quality of Russian science are as ridicu- 
the doubts ex 
pressed on German science during the 
war. We heard that 
of the Germans was not to be 
all done with 
glory of the 

Strasburger 


pressed on both the quantity 


ous aS were similar 


great the science 
trusted 
but one 
the Vaterland. 
wonders if had the 
Vaterland in mind when he had a large 
oak tree held upright while it was eut at 


since it was 
motive, 


(ne 
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the base and transferred bodily to a vat 
determine the 
that 


of staining solution to 


path of ascending sap, or Kischer 
interested in 
the 


sueceeded in synthesiz 


was solely increasing the 


power of German empire when he 


ng sugars, or that 
Pfeffer thought his measurements on 


would enhance the chanees of 


OSMOSIS 


success of Germany in the next war 


These same jealous haters of humanity 
? 


J ist 


are to-day the enemies of Russia 


such statements as were made of German 


science during the war are now applied 


Russian science 
Nothing 
oO one can possibly Wol 


The Soviet 


in an altered form to 
“Why go to Russia 


\ 


IS being 
done there 


nreselt conditions 


under ! 
Government has no inte 
art or intellectual 


truth, 


any 


and some there is, whiel 
slight It 


iif 


in these Statements, Is 
purpose here to pres nt quite a ¢ 
in Russia to-day In 


the 


> 
LUSSla 


nieture of science 
so doing [ in no way wish to convey 
lmpression that 


lived 


have, 


our comrade Ss intl 


not through most 
they 


their suffering 


have 


times and | shall refer 


and | do not forget that 


many of our colleagues have gone to 
other lands or to another world, and 


that still 
under a great handicap; nor do I wis 


those remaining are working 


to justify the existence of the present 
than I 


upon 


régime in Russia any more 


should care to seek some ground 
which to justify the existence of the old 
government It is my intention simply 
to state precisely what I saw and heard 
in the the 


glorify selence in 


Russians, and if I 


land of 
Russia to-day it 18 
solely because of the quality of the work 
the courage and fortitude with 

} 


which it has been done 


and 
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VOSKRESSENIE NA KROVI 
ALEXANDER II WAS ASSASSINATED OD 
PART OF THE WALK 1 E LEFT, NEAR 
IRON RAILING, WHICH IS NOW ENCLOSED 1 


THE CHURCH B LT IN HIS HONOR. 


There has been no cessation of seien 
tific research in Russia either during 
the war or after it. While the war wa 
on, some, the botanists, for example, 
found it more advantageous to continue 
work in an isolated place such as Tiflis 
and what botanist would not seize with 
delight the opportunity to study the 


flora of the Caueasus. jut whether in 


far Georgia or still in the home labora 
tories at St. Petersburg or Moscow, re 
search continued throughout the war. 
Then came the trying vears of 1918 to 
1921 when the college professor and his 
wife stood shoulder to shoulder with the 
street laborer in line for hours waiting 
for their apportionment of bread and 
fish. Still research went on. 

The graph at the national herbarium 
shows a gradual decrease in the number 
of plants added until 1920. The previ- 


ous vear, 1919, saw the low ebb of the 


revolutionary tide. The winter was 
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weak succumbed. 


only, as my 
it, *‘for healthy 
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. 
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Food Was 


friends 


people not 


research still 


but in elassrooms and laborato 


the temperature fell below 0 


extraordinarily severe. The old 


Ce 


Since 1920 seientifie activit 


sia has been 
trend. 
trates this. 


steadily on t! 


The her barium ehart 


The eurve indie 


number of specime ns added am 


the national plant collection goes 
upward from 4,000 in 1920 


the next vear, then 


The two 


1926; and 


To 36.751 


90.650 in 
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factors responsible 
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SCIENCE IN RUSSIA TO-DAY 


ss of Russian science during the 


en years has been the superb spirit 


r colleagues there and the excellent 
rt which the communistice govern 
has given them. To those of us 
have heeded foreign propaganda 
there is no information which ts 
maliciously untrue than war-time 
aganda—it is a great surprise to 
that the Bolsheviks have eneour 
science and art as far as it has been 
ancially possible for them to do. | 
heard that the superb eollection of 
ntings in the Hermitage had been 
aged, yet | found this gallery of art 
plete and well cared for. Some pri 
ite collections have, to be sure, been lost 
destroyed, but the national galleries 
re intact. I might here add that if 
an excuse to visit Russia is sought, the 
collection of paintings in the Hermitage 
and in the National Gallery of Russian 


art, formerly the gallery of Alexander 


III, would justify any one for making 
the journey to Leningrad. It may be 
nothing short of sacrilege to sav so, but 
these two galleries combined surpass, in 
painting, even that mother of all art 
collections, the Louvre. 

[ had also heard that religious worship 
was prohibited, that all priests had been 
exiled or executed, and the churches ce 
stroved or converted into schools 
Great, therefore, was my surprise when 
[ heard church bells ringing on my first 
morning in Leningrad; and I later 
found the little cathedral well filled at 
mass. The particular church in ques 
tion is the jewel of all houses of worship 
in Russia, not in historic value, but 


in Byzantine splendor of form and 


color It is the church *‘* Voskressenie 


ha Krovi,’’ literally **Resurrection on 
Blood,’’ the blood being that of Alex 
ander IT, who was assassinated here in 
1881, the eathedral having been built 
round the spot where he fell. Religious 
Worship is not a part of the communistie 
creed, but the government permits it. 
Indeed, to rob the Russians of their 


religion would 
forms a more 
of the Russiai 


people 


While the Soviet 
support religious 
preserved and cared 


religious nature hel 


torrie or artist 
overnment 's supp 
we are primarily 
The first proor 
activities in Russia 
political and comme 
ernment control 
‘*Tlouse of Seient 
escorted on m\ 
mained my resting 
my sojourn in Let 
ing Was the former 
Duke Vladimir, unel 
house 1S now a dormitor 
scientists. iv room wi 
commanded an in 
the Neva river 
fortress—th bas 
Opposite (iver V cot 
of Lenin and in the corner 
banners. The palace 
well stripped of its valu: 
but its architectural 
Especially fine is the sta 
the grand ball room 
Among the world-ren 
of Leningrad is the Botanie Garde 
its mile of greenhouses and its herb: 
of 3,000,000 specimens 
QD pe r eent Ot the 
plants This eoll 
proaches, and in 
passes, In number t 
of Kew and Be 
chenko is director ol he Gardens 
At the university, the botanicea 
ratories compare we both in size 


amount of work being done there 


those of any other institute of learnir 


indeed, the department of botany 
University of Leningrad surpasses 


of some of our leading American w 


; 
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to venture a 


departments 


fact leads me 


botany 


This 


about in 


rk 
ral. 
visiting Swiss scientist recently had 
ted out to him the botany building 
he campus of one of our American 
ersities. 

Yes,”’ 


yn that that was the botany 


said our guest, ‘‘ 1] should have 
build- 
without vour having told me.’’ 

‘But 


Beeause 


we inquired. 


the oldest 


how ?”’ 
it 
n see anywhere.”’ 

When then asked why it was that the 


is building | 


tan\ department of most colleges is 


isually shoved into a corner, as ex 


nplified in several leading universities 
this country, the Swiss answered the 
estion by saying, *‘ Because we bota 
Was this the confes 
Farlow once 


sts won't fight.”’ 
sion of a fault or a virtue? 
expressed a phase of this situation in a 
umorous way when he gave the follow 


ne 


a just published text 
‘**Well. the book seems 
tome to be mostly about the lobster with 


opinion of 


book of biology, 


not enough lettuce in it to make a decent 
biologieal salad.”’ 
men of science 


Among Leningrad 


those who stand out as preeminent are 
Pavlov in human physiology, Karpinski 

geology, Borodin in botany, Vaviloy 
n geneties, and Maximow and Kostyvehey 


The 


this group are Karpinski and Borodin 


n plant physiology. veterans of 
The grand old man of academic botany 


Russia is Professor Ivan Borodin 
While no longer engaged in university 
rk he is, at the age of eighty-four, 
very active mentally. It is a joy to 
meet him, to join in his good humor and 
The 
events of the last ten years have not in 


When I 
posit ion he 


to hear his animated conversation. 


the least broken his spirit. 
isked of others just what 
was 


Russian botanists, I 


told that, ‘‘what Coulter is for America, 


Be 


Heid among 


rodin is for Russia.’’ 
While at the university one should 
not fail to visit the most sacred room of 


> 
\ 


| ‘ 


SSLA TO-DAY 
this time-honored 
tors ot Mendelé 
When the p 


OUSITCS ot t} ose 


“te 
( 
i 


who are living 


and sadden us, and the joy ot 


lessened. the bye st restorer ot our W 
enthusiasm is a pilgrimage to the 
the t he 


rone before sta 


and workshops ot mast 


have nding 


of their greatness we 


shadow 


little difficulties and remember o1 


Is TO have 


it 


advancement of 


fine a thing 


SClence 
There is no better way 


th: 


tion 


quainted with a peopl 
with the 


especially if 


renera 


younger 


litt has handled 


severely, soon acquire a crusty ¢ 


which permits little of this re: 


acter to seep throug! (‘hildren 
other hand, 


their true 


are like books and 


inner selves. One ean, 


fore, never Sa\ that one knows 


try unless one has mingled 
younger folks 

University students in Russia 
state of perp 


constantly 


; 


be in tual g 
fact 
realizing how little they have of « 
life 

ple food and painfully 

the 


them ill-humored 


a 


a one marvel 


necessit 1es of 


not dampened 


which Russian st 


str 


the 


presence ot a 
trates one ol 
Russians, courtesy to 
would like to 


which one 


other European people emulate! 
introduced fron 
United States 


Russia to see 


as a professor 


had 
Russian stud 
The 


young men instantly arose 


who eome to Tar-oftt 


ePnTSsS Com 


hohe 


Iris ana 


how 
pared with his own 
to their feet 


smiled and bowed and expressed the 


hope that I would judge them’ kindly, 
undoubtedly 


not 


adding that they were 


as well clad as American students nor 


as bright, but that perhaps they did not 


compare very unfavorably. 
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ther charming feature of student 


Russia 1s the somewhat intimate 


ffectionate relationship which ex- 
and professor as 


etween student 


ated 


calling the 
title 


in the eustom of 
the 
prefixed to his last name. 


not by usual formal 


ssor 


Vrotessor 


vy his two first names, ** Nicolai 


Nicholas the 


son of 


ndrov iteh”’ 
mer 
and 


other 


search in botany, agriculture 


hat of the 
the 


primarily ones of 


breeding exceeds 


es in Russia since nation’s 
ent problems are 
The same 


rather 


emphasis is laid upon 


strial than theoretical re 


‘+h, in chemistry for example, as we 
| see in Moscow. Yet pure science is 
enly pursued by a smaller though ac 
and capable group of men 
The organization 1n 
evoted solely to research in the 


sciences is the Institute of Applied 


Russia 


foremost 
botan 


tany, with its central office in Lenin 


rad and its ehief experimental labora 
ories at Detskoje Selo. The latter is a 
Leningrad which 


ttle village near 


rmerly bore the name of Tsarskoje 
o. It 
st Czar, and 


ne, and of Paul I. 


was the summer home of the 
the Kath 


To depart again 


also of creat 


m science for a moment let me re- 
irk that the palace of Katherine II at 
letskoje Selo 

of Maria 


equalling, if it 


is exquisite, surpassing 


Theresa at Schonbrunn. 


not in sheer 


does 


itv surpass the palaces of Versaill 
What a contrast exists between the royal 
splendor and artistieally planned palace 

Katherine II, at Detskoje Selo, with 
ts room of amber walls, its magnificent 

rquet floors, and its general appear 
nee of refined elegance so befitting a 

en, and the bourgeois mid-Victorian 
ecorations devoid of intellectual inter 
st or esthetic taste in the palace of the 
the the 


are with 


st Czar, where walls of 
bedroom 
heap trinkets of the ehureh, and her 


cott 


Czarina’s covered 


ng-room literally bespattered with 


USSLA 
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the contents « 


family albums 
to the summer 
two svmpatl 
these are mor 
one when view! 
sweet lace ol 
other when see 
the last sheet 
1917, the 
were hurried of 
The 
of Apphed Bb 


W hose 


night 


scirentihe 


Vavilov 
research is ¢g 
Vavilov is 

tivity and enthusi: 
who are 
with \ 


Russ 


into all 
Codirecto. 
nist Kogar 
rovernment instit 
rectors, one in chars 
and one in chara 

and in all 
made definite 


that the communistik 


Interests, 
mnquiry, 
hampered or intert 
functioning of the 
of the institution 
Most interesting ex} 
done by 


physiology, o 


is heing 
applied 
sor Nicholas Maximow 
Is assisted by \l rs 

also. professor of bot: 


of pharmae\ 


depart! 


erected for hi 
Victoria 
former 


home } mw { cl 


duke 's 


is been « 


ical hood, his bureau 


verted into a labora 
the 


sorting and counting 


billiard tabk s ised To 
seeds from exper! 

It was perhaps a lit 
duke 
out of house and home 


life 


reneties 


ments in 


tle severe on the To have put hin 


and country 


indeed his has not been sacrificed 
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feel that his 


ne can not help but 
is serving a better purpose now 
Grand Duke Boris has a_ brother 

. who is now in Paris and is one of 

retenders to the Russian throne 
\mong the outstanding experiments 

g earried on in the physiological pechenko, 
ratories at Detskoje Selo are those a radish 
the photoperiodism of plants, the spring ar 
pment for which surpasses that of been detern 
other research institute except the temporarily by 


Department of Agriculture in Wash Ing names as 


ton. Of value also is the work b beeause they 


leSS thar 


done on the phy siolog’y ot root SVS somes, 


rhinne The prove) 


The experiments are in charge ot 


Krassovsky nal side more than 


Mrs. Maximow and Mrs. Krassovsky, cross between R 
uh ol whom are doing good scientific Brassica oleracea is a 


are examples of the prominent as any yet recorded 
ut which the women of Russia are play Among other scientist 


g in the affairs of their country The Leningrad two stand out 


among Russian scholars of 


lov. Wi 


communists believe in the equality of the 
The majority of women, married are the great 
The cus ] IS work on **eonditior 


> 
SeXeS, | ay 


and unmarried, are ¢ mploved 





THE EXPERIMENTAL PLOT OF RADISH 
GENERATION AT DETSKOJE SELO 


CABBAGE HYBRIDS OF THE SECOND 
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ABORATORY OF THE DEPARTMENT OF EQUIPMENT FOR 
APPLIED PHYSIOLOGY AT DETSKOJI PHOTOPERTODISM 


SELO 


he geologist Karpinsky, president of the The retention of WKovalevsky in 
\cademy of Sciences at the age of scientific position of importance is a) 
itv-two vears. example of the occasionally evident far 
An interesting character among men _— sightedness of the Bolsheviks, for whic! 
of seclence is Kovalevsky, director of the we must give them eredit, whatever 
Institute of Agronomy, who has the shortcomings they may have They 
ttraordinary distinction of being a_ realize that a man like Kovalevsky is of 
ighly honored emplovee of the Soviet value to the country, especially In SO 


government, even though formerly important an economic — subject 


Minister of Finanees of the Czar agronomy, and they, therefore, retain 











MRS. KRASSOVSKY ANI) HER ASSISTANT 


AT WORK ON THE PHYSIOLOGY OF ROOT SYSTEMS 
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ven though he exemplifies the old 
‘racy. Kovalevsky is, in his turn, 
et enough to devote his attention 
to matters of science. This policy 


present government is interest- 
and somewhat amusingly shown in 
the 


fiscated private collections of old re 


eases where vovernment has 


is paintings, ancient manuscripts, 


Realizing that the former 


d the like 

rs of these collections are the only 
nes capable of studying them and prop 
y earing for them, the government 
s confiscated not only the collections 
it the owners as well, with the result 
at the latter still live with their treas 
OV 


es, but now as emplovees of the 


ernment! 
ot 


Bechterey. professor 


ladimar 
syehiatry, is the last scientist of Len 


to whom I wish to. refer 


Bechteres 


ngrad 


gained some notoriety of late 


rom his plan to establish a ‘‘pan 


theon’” or museum of brains of deceased 


Russian men of note. Only recently he, 
too. passed into the great bevond, having 
the 


mention 


dedicated brains to museum 

hich he established. I Bech 
terev not because of his scientific prestige 
I pur- 
Bechterev’s he 
epresented for me the story book type 
expect to 


nd seated in one of those sleighs racing 


his 


but because of his physiognomy ! 


portrait since 


hased 


Russian whom one would 
CTOSS snow-covered Siberia followed by 
volves to which I referred! 

Though we are primarily interested in 
men of seience it is only right that we 
}a moment and praise the work of 
artist whose por- 


Mrs. 


are 


STO} 
the eminent 
traits of Professor and 
and of Bechterev 
Streblow was a portrait painter of note 
during the régime of the last Czar, mem- 


While 


still the recognized leader in the art of 


Russian 
Maximow 


we producing. 


bers of whose family he has done. 


ortraiture, Streblow’s social status has 
fallen to that of the proverbial, strug- 
gling art student. He is now obliged to 


do a dozen portraits a month in order to 


TSSLA 


TO-DAY 


eke out a ivi rormel 


one two and 

We heard 
the underpaid coll 
the part of the 


or 
Americ: 


ot 


have in 


yrotessor. 


laek on publie ol 


respect tor or t} 


and ot 


confidence in 
the 


the 


great 
university teacher relative 


social standing wl 


low protesso! 
It therefor 


iat these 


IS 


and his family oceupy 


now Ti eond 


of vital interest to 
tions are in all respects reversed in 
Thos ve | 


the highest, those who 


social statu 


the 
and 


Ose 


sla to-day 


hye xT 


ire 


few ons the 


excenpti 
are the 


with 
highly 
It 


only 


acaden 1] 


respected 
s nothing short of a miracle, whic] 


could have accomplished 


Russia 
that has, literally over night, made t! 
the 


nity both in 


scientist upper man ol the comn 
wealt! na SOC 1a Standing 


At the gala performance of the open 
of the 
most distinguished 


season in Leningrad tl! 


opera 
person pres nt 
the geologist Karpinski 

Kor the 


the professor's Salary 


modern | 
the 


first time in 


IS near 
, 


LuUS 


The voung assistant-professor in | 


one lred £50.00 


The under- 


recelves hun rubles 


month. fficial in the go 


receives not more than one | 


ernment 


dred and twenty-five rubles a mont 


The full protessor IS paid some one i] 
dred fifty TI 


highest Salary valued director of re 


and rubles a month 


fo 
Ola 


me OL) OO) 


is four hundred rubles 
The 
salary of any government position 
$500.00 


search 


a month approximate maximum 


hundred rubles whiel 
drawn only by those fe 


The 


w who occupy 


stenograp! rae 


highest positions 


is from eighty to one hundr 
The 
one individual 

want. Where a man is married, his wit 
is either also emploved or he holds teael 
Tl 


degree ( 


salary 


and forty rubles lower 


permit to live 


ing positions in two Institutions 


higher salaries allow a fair 


comfort. Luxuries, with 


of the theater, without which no Russian 


ean happily live, are seldom indulged 


most 


Top 


? 


incomes 


without 


the except wl 
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luxuries | refer to a summer’s” of an imaginary 

or a full-course dinner. Such gives quite the 

vances are all but unheard of. for ancient w 

student leads a life of extreme ‘‘a la Faust 

v, vet he has not allowed his pov of the ** Ineunabl 
alter materially his naturally sion housing books ed 
and happy disposition 1500 Among ot 
average student must exist on Gutenberg or Masar 
rubles $10.00 a month paid One leaves Leningra 


government and he does it in ception of Russia 


iv : three rubles a month for his art the re wl ll Sur] 
which he shares with a comrade, world citles ; palace 


not 


ing his own blankets and pillow; beauty are 


opeks three eents a day for one library faciliti S 


tT} 


one-half pounds of black bread for nations can boast 


scientific researc! 


ng and night—the cost of tea to 


, WwW 
! 


with the black bread Can he 1th the lace a \ 


d. since there is, after all, no nour ple have suffered 


peaceful stat 


in tea, therefore, hot water will The 
just as well—twenty-five kopeks a all reports of the 
for half the cost of a fifty kopek din dition of the eount 
the dinner to be shared with a com quiet and as order 


three rubles a month for laundry When one compat 
baths; this leaves less than five peace of Leningrad w 
bies a mont for books, shoe repair horrors committed ana 
theater. No item has been included York, Philadelphia 
clothes Few clothes are bought. wonders if it is Russi 
| ones are patehed and r¢ patched, but try which needs look 
mev is needed for this purpose the Moscow and Leni 
dent can earn it by extra work at the most every conceivabl 
ks. If astudent is missing from class grad is a quiet. conse 
questions are asked, since it is taken city, dominated by t 
r granted that he or she is at the docks of science, letters 
is poverty and deprivation is endured famed _ for 
out complaint. its collections 
Before leaving Leningrad a_ brief palaces. Moscow is ; 
sit should be paid to the National commercial and poll 
brary, where Dr. Rimsky-Korsakow by the activity 


' : 
{ : 
I tract 


show us about. Dr. Rimsky-Korsa and men o 


; 


wis the son of the famous composer cits famed for 
[the same name. The former Imperial churches. There is considerabl 
Library in Leningrad is something more between the two citie 
ih a mere colleetion of books There unhappy In \ioscow 
many fine engravings, including a unless he is forced to, 
llection of portraits of Paul I, and avoids Leningrad 
me oil paintings, notably a large can Philadelphia! 
as of Katherine I]. Especially fine are A similar marked differenc 
old manuscripts and early editions type of scientific work done in 
[ books, which include several very rare cities is noticeable. Research in 
Bibles. These early editions are housed tends more toward the pract 


small room built after the manner commercial, in Leningrad more 
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the academic. We thus find in Moscow’ gars elassic. More picturesque 

twenty institutions of industrial chem-  cants are not to be seen anywhe1 
istry and technology out of a total of cially the street urchins—delig 
thirty in all Russia. It should not be happy little rascals they are. \\ 
assumed, however, that academie re- objected that I did not have su 
search work is at a standstill in Moscow. kopeks to divide among so many, 
On the contrary, the department of _ plied, ‘‘Oh, that is all right, we a 
botany at the university, where Profes- ing together!’’ But the story o 


sor Michael Golenkin is the senior mem- lawless ragamuffins is a traci To e 
. ° . _ ° O G2 
ber, 1s quite active. There is also the happy one. 
—_— oi* » . » oe - — , is to re' 
Timiriasev Federal Institute of Scien- Intellectual activity in Russia 


seogge , ‘ ontrol. 
tific Research, small to be sure, but hav- centered in Leningrad and Mos 


. : to trace 
ing such eminent workers as the cytolo- not restricted to these metropoles 
ploneer 


vist Nawashin and Professor Alexander Charkov, Odessa, Rostov. Minsk al 
particu 


Kiesel, whose wor on the chemistry of Tomsk, Vladivostok, Baku, Tiflis. s 


protoplasm is the best vet done. More  atov, Kazan and several other eit 
mong 


biology and chemistry, of which Alexis — versities. Pony 
1e 


Bach, best known for his work on oxi- One can not visit the land of the 
dases, is director. These are the Karpow _ sians, accept the gracious hospita 
Chemical Institute, the Bach Biochemi- the people, share in the = enthusias 
cal Institute and the Institute of Ex- which they have in their scientific 
perimental Biology. and observe with what patience and 


pretentious are the several institutes of cluding far-off Tashkent, have th 


number 
Great S 
small tr 
gation Vv 
the sum 


At the first-mentioned institute of in- humor they bear their hardships 
pioneers 


dustrial chemistry every effort is being out departing with every feeling , 
extended to make Russia independent sympathy and good will. Ther siderabl 


. . ° . . oa . a . vat] 
of the world in her needs in technical exist differences of opinion on t! vaulon. 


colony 


products, thus, the research on dyestuff  visability of our or any other © 
is especially active. An adjoining lab- recognizing the Soviet Government W atne} 


scribes t 


oratory has succeeded in producing a the question whether American n 


bakelite which is said to be superior to science should recognize their colleag The op 
Salt Lak 


the American product. in Russia, and interest themselves in 1 ult 
ils dwe 
hy souls GWE 


Moscow is a city half of the orient. needs of Russia science, has but 

° ° ° ° wre . : ° , na adop 

Its ecclesiastical arehitecture is Byzan- answer. To speak ill of Russia al ve thenus 
tine, its people phlegmatie and its beg- Russians is to speak in ignorance mder cul: 
h ha 


ncn 


tender bl: 


Natur 
ply had 
Winter | 
were the 
upon th 
Their re¢ 
if food 
ing the : 
of Morn 
River re 
mands ¢ 
coming 1 





A STORY OF THE RISE OF A SOCIAL TABOO 


By Professor KIMBALL YOUNG 


UNIVERSITY OF WISCONSIN 


I 
To expose the origin of a social taboo 
is to reveal! an important factor in social 


ontrol. It is the purpose of this paper 
to trace the rise of a group taboo in a 
pioneer society in western America. The 
particular example will be that of the 
rise of the taboo on the killing of a gull 
among the Mormons in the early days 

f their settlement in Utah. 

The first group of Mormons, 
number, arrived in the valley of the 
Great Salt Lake on July 24, 1847. Some 
small tracts of land were put under irri- 
gation within a few weeks. Throughout 
the summer additional ‘‘companies’’ of 
pioneers arrived and before autumn con- 
siderable land was brought under culti- 
vation. By the spring of 1848, the 
colony was fairly well established. 
Whitney, in his ‘‘ History of Utah,’’ de- 
scribes the situation as follows: 
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The opening of the spring of 1848 in Great 
Salt Lake City saw nearly seventeen hundred 
souls dwelling in upwards of four hundred log 
nd adobe huts inside the ‘‘Old Fort.’’ Over 
five thousand acres of land had been brought 
inder cultivation, nearly nine hundred acres of 
which had been sown with winter wheat, the 
tender blades of which were now beginning to 
sprout. 

Naturally the strain on the food sup- 
ply had been very severe during the 
winter of 1847-1848 and the settlers 
were thoroughly dependent for survival 
upon the forthcoming harvest of 1848. 
Their remoteness from outside sources 
if food supply was obvious. And dur- 
ing the summer of 1848 hundreds more 
of Mormons arrived from the Missouri 
River region, which but added to the de- 
mands on the food resources for the 
coming winter. 


Is 


In May and June of 1848 large num- 
bers of crickets (Anabrus simplex) be- 
gan to appear in the wheat fields. At 
first little attention was paid to these 
pests, but as time went on they increased 
in number and in the damage they did 
to the growing crops. Mr. Anson Call, 
one of the Utah pioneers, gives the fol- 
lowing pious but amusing description of 
the insect : 

The Rocky Mountain Cricket, remem 
bered, when full a-half 
inches in length, heavy and elumsy in its move 


as now 


grown 18 about one-an 


ments, with no better pewer of locomotion than 
time. It 


and su 


hopping a foot or two at a has an 
geste 


habitation of a 


eagle-eyed, staring 
the idea that it may be the 
vindictive little demon. 


The crickets 
crisis for the already much 
Mormons. Removed both by distance 
and by prejudice from assistance, the 
very existence of the group seemed at 
the time to be threatened. Every effort 
was made to drive off the pests. Whit 
ney writes of the period : 


appearance, 


made another intense 


harassed 


the com 


With the 
munity, men, women and children, theroughly 


a 


energy of desperation, 
alarmed, marshalled themselves to fight and 
repel the rapacious foe. Whilk 
some went through the fields killing the erick 
ets, and at the same time, alas! erushing much 


possible to 


of the tender grain, others dug ditches around 
the farms, turned water 
drowned therein 
Others beat 
or burned 


into the ditches, and 
and 
devourers. 


drove 
black 
clubs and 
in the fields. 
much headway had been gained by 
before the gravity of the situation was discov 
ered, and in spite of all that the settlers could 
do, their hopes of a harvest were vanishing, and 
with these hopes the very hope of life. 


my riads of the 
with 


ba k 


them 
brooms, them in fires set 
Still they could not prevail. Too 


the crickets 


The pressure of hunger became very 
real. One of the settlers, Parley P. 
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Pratt, thus describes the hardship of his 
family : 

During this spring and summer my family 
and myself, in common with many of the camp, 
suffered much for want of food ... We had 
lost nearly all our cows, and the few which 
were spared to us were dry .. . I had ploughed 
and subdued land to the amount of nearly forty 
acres ... In this labor every woman and child 
in my family, so far as they were of sufficient 
age and strength, had joined to help me, and 
toiled incessantly in the field, suffering every 
hardship which human nature could well en- 
dure. Myself and some of them were com- 
pelled to go with bare feet for several months, 
reserving our Indian moccasins for extra occa- 
sions. We toiled hard and lived on a few 
greens, and on the thistle and other roots. 

The writer has been told by persons 
who lived through this period that the 
domestic fowls of the households de- 
voured such quantities of the crickets as 
to make their eggs quite unpalatable, 
thus cutting off a minor source of food. 
Furthermore, the crickets attacked the 
small grazing lands available for live 
stock, thus adding another burden to the 
major one. 

Now the nearby Paiute Indians found 
in these very crickets a pleasant delicacy 
and ate them in large numbers. But the 
food-habits of the white man prevented 
a sensible adaptation to the Indian 
usage. Differences in culture make dif- 
ferences of tastes. 

The Mormons, like all people of primi- 
tive culture status, confused natural 
with supernatural or magical practices. 
And while they made untiring attempts 
to combat these pests, they also resorted 
to prayer and magic for release from the 
strain and problem. Man confronted 
with the futility of his own efforts seems 
to resort to supplication or to magic, or 
both, to obtain his desires. So, here, 
entreaties were made for divine interven- 
tion to free them from this plague. The 
following Mormon account gives at once 
the essential facts of the situation and 
also the settlers’ rationalization of the 
event: 


They were saved, they believed, by ar 
. .- In the midst of the work of destr 
when it seemed as if nothing could st 
devastation, great flocks of gulls ap; 
filling the air with their white wings 
tive cries, and settled down upon 
ruined fields. At first it seemed as if 
came but to destroy what the crickets h 
But their real purpose was soon ap; 
They came to prey upon the destroyers 
day long they gorged themselves, and w 
disgorged and feasted again, the whit: 
upon the black crickets, like hosts of | 
and hell contending, until the pests were 
quished, and the people were saved. 
heaven-sent birds then returned to 
islands whence they came, leaving the gr 
people to shed tears of joy at the w 
and timely deliverance wrought out for t! 

Bancroft, in his ‘‘ History of Uta 
reports that later in the same seaso; 
grasshoppers or the ‘‘migratory’”’ locusts 
(Melanophus spretus), did consideral 
damage to the remaining crops. And t 
next year the crickets appeared agai 
although not in such numbers. Th 
coupled with drought and frosts, ma 
the second year almost as severe as 1 
first. From time to time during the next 
ten years the pioneers had to combat 
both crickets and grasshoppers. In 15° 
and in 1855 the crops failed due to t 
grasshoppers. This reduced the gro 
to straitened circumstances and in thes: 
years the gulls did ‘‘not come to the 
rescue.’’ 

Yet for the year 1848 the ‘‘miracle’’ 
of the gulls meant survival. Naturally 
much significance was attached to their 
visitation. The superstitious pioneers 
gave thanks to their god for deliverai 
from threatened disaster. The crisis 0! 
famine had been met successfully by 
what seemed divine intervention. Thi 
crops were harvested and though not 
bounteous were sufficient to see then 
through the coming winter. The harvest 
festival which was held is typical of 4 
group-response to this happy solution o! 
a serious crisis. Bancroft writes: 

On the tenth of August, however, the harvest 
being then gathered, a feast was held in the 
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STORY OF THE RISE OF A SOCIAL TABOO 


(a community structure for religious 
services), at which the tables were loaded with 

yariety of viands, vegetables, beef, and bread, 
; with 


bowery 


and cheese, cakes and pastry. 


Sheaves of wheat and other grain were hoisted 
harvest poles; and [says Parley P. Pratt] 


butter 


re was prayer and thanksgiving, congratula- 


ns, songs, speeches, music, dancing, smiling 


, and merry hearts... . 

The Mormons naturally developed a 
high reverence for the gull. Songs were 
sung, poems written, sermons and per- 
sonal ‘‘testimonies’’ concerning 
he supernatural deliverance. The bird 
became a sacred object to these people. 
The territorial government which was 
organized shortly thereafter and which 


given 


ime 


was completely Mormon in composition, 
passed legislation prohibiting the killing 
f the gull. The official Mormon his- 
torian, Mr. Whitney, gives the following 
panegyric on the birds: 


Is it strange that among the early acts of 
Utah’s legislators there should be a law mak- 
ing the wanton killing of these birds a punish- 
ble offense? Rome once had her sacred geese. 
Utah would thenceforth have her sacred gulls. 
Ye statesmen and state-makers of the future! 
When Utah’s sovereign above 

dark horizon of factional strife, shall take 
its place in the blue, unclouded zenith of free 
jom’s empyrean, and it is asked by those who 
would frame her what shall her 
emblem be? Name not af all the carpet-bag. 
Place not first the bee-hive, nor the eagle; not 
yet the miner’s pick, the farmer’s plow, nor 
the smoke-stack of the wealth-producing smel 
ter. Give these their places, all, in dexter or 
in middle, but whatever else the glittering shield 
contains, reserve for the honor point, as worthy 
of all praise, the sacred bird that saved the 
pioneers. 


star, dawning 


escutcheon, 


While the Mormon statesmen did not 
heed Mr. Whitney’s suggestion, the gull 
incident has continued to play a very 
large part in the folk-lore and history of 
the state. And as a final culmination to 
this development, as an artistic ration- 
alization, has come the erection of the 
‘‘Sea-gull Monument’’ in Salt Lake 
City, showing atop a shaft of thirty feet 
or so a golden ball upon which two gulls 
are placed. Around the base of this 
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monument are four reliefs 


the coming of the pioneers into the Great 


portray ing 


Basin, the planting of crops, the contest 


with the crickets and, finally, the ‘‘mi- 


raculous’’ deliverance by the gulls 


II 
So much for the story 
meaning for the study of rise of a 
social taboo and a folk-lore? 
In the first instance, it must be noted 
that although this re 
most of its fundamentals fron 


ligious body drew 


sucn 


? 
I 

ay + 
»aAPTISts 


creeds as the Campbellites, the 
and from the general Puritan tradition, 
were decidedly primitive 
The belief in direct, 
revelation was basic as was the belief in 
a divinely appointed priesthood 
miracle-working. The long history of 
hardship and persecution had produced 


its concepts 
throughout. 


divine 


and in 


an intense loyalty and sense of social 
solidarity. The pioneer life had thrown 
these people into a distinctly alien and 
elemental country with a reduction of 
life to a direct 
It is true that they brought with them 
their 


struggle for existence. 


the material culture of contem- 
porary civilization which enabled them 
to till the soil, put irrigation into effect 
and to construct a more adequate eco- 
nomic life than the Indians around them 
had. But as to what may be called non- 
material or psycho-social culture, espe- 
cially on the side of religious beliefs and 
notions of magical power and supernatu- 
ral influences, they were not greatly 
advaneed over the Middle Ages or the 
peasant peoples of Europe and Asia 
As one must recognize at all times, the 
state of learning and the manner of life 
are not a matter of time or place but of 
cultural level. In regard to interpreta- 
tions of natural phenomena, the Mor- 
mons were much 
thinking. 

While their Protestant background 
prevented the development of a whole 
series of rituals and public festivals in 


inclined to magical 
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reference to the gulls, certainly a rigid, 
rather superstitious taboo arose concern- 
ing them. Furthermore, the rise of the 
bird to a position of worship as a totem 
of the group was incipient but prevented 
by the existence of other culture patterns 
of more complex sort drawn from their 
religious and theological background. 
Still, we may note, in conclusion, how 
much of rudimentary reaction and inter- 
pretation did remain. We may summar- 
ize the following stages in the develop- 
ment of this whole culture complex of 
the gull: 

(1) We have a severe group crisis. 
The food supply is threatened by the 
pest of crickets. Group survival is at 
stake. 

(2) There is an inability to cope with 
the situation by any naturalistic means. 
In other words, common-sense tech- 
niques do not suffice to allay the crisis. 

(3) There is a turning to God for 
help. Actually, of course, with these 
vigorous people there was a combination 
of work and prayer. Aggressive Chris- 
tian peoples facing starvation are not 
apt to forget the injunction to faith and 
works, 

(4) There is some delay in the answer 
to the first entreaties to God for deliver- 
ance. Men of that generation of Mor- 
mons have been known to say that this 
occurred ‘‘in order to test the faith of 
the people’’—a very typical rationaliza- 
tion. Thus the crisis continues to grow 
more and more alarming and this in 
spite of renewed efforts of their own 
techniques and of additional piety. 

(5) There is a growing despair on the 
part of the group as they see their crops 
being destroyed. There is great emo- 
tional disturbance consequent to this: 
fear, sorrow, anticipated grief and hard- 
ship. No doubt in some skeptical ones 
there is slight anger at the delay of God 
in responding to supplications. Cer- 
tainly there is rage and an unpleasant 
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feeling of balked effort toward the j 
sects. 

(6) The rather sudden appearan 
the gulls with some perturbation at firs 
that they might also be bent on destroy. 
ing that which the crickets had not yer the gu 
devoured. Thus, increased emoti 
toning is developed, that is, fear ang 
anger toward the gulls that they might sight : 
assist in the final consumption of them, 
growing crops and thus complete th 11 
horror. nation 

(7) The unexpected, the amazing be. ommt 
havior of the gulls in devouring not th ship, 
crops but the insects. This not in rallyin 
eases but in great quantities; their dis tion of 
gorging these, so legend has it, and their monur 
curious repetition of eating still mor of att 
crickets. Here we have the surprise sometl 
turn or climax of a socio-economic drama might 
in real life. Here we see the operati in the 
cf what Sumner called the aleatory or 
luck element in social crises. 

(8) The saving of the crops, then, | 
to giving thanks to God who is credit 
with sending the gulls, not to the gulls 
directly, since the religious cast of their 
minds prevented this more primitive 1 
sponse. There was also the verbal test 
mony in church gatherings about 
‘‘miraculous’’ solution. There is, 
short, the religious thrill of delivera: 
from evil and a return to good. 
Sumner puts it: 


legend 


its sol 


To 


from 


, 


The minds of men always dwell more on ba 
luck. They accept ordinary prosperity as 
matter of course. Misfortunes arrest 
attention and remain in their memory. H 
the ills of life are the mode of manifesta 
of the aleatory element which has most affect 
life policy . . . Good or ill luck were attribu 
to superior powers, and were supposed to be 
to their pleasure or displeasure at the cond 
of men ... The aleatory element has always 
been the connecting link between the strugg 
for existence and religion. 


(9) Then came the raising of the gu! 
to a place of religio-economiec significan 
and the placing of a taboo upon its de- 


struction. It becomes a sacred object 


STORY OF THE RISE OF A SOCIAL TABOO 


Thus we see illustrated the fundamental 
nexus of religion and socio-economic life 
witnessed in all rudimentary societies. 

(10) There has come a whole local 
literature, history and folk-lore about 
the gulls among these people. Thus a 
legend has grown up about the crisis and 
its solution. Curious attributes of in- 
sight and intelligence have been given 
them, often quite contrary to fact. 

11) Recently we have a final culmi- 
nation in an object of veneration and 
communal attention, if not direct wor- 
ship, which serves for the group as a 
rallying point in recall and contempla- 
tion of this miracle. That is, we have a 
monument to the gulls which is a kind 
of attenuated, amorphous totem pole, 
something which in more simple cultures 
might have played a very distinct réle 
in the daily religious life of a people. 


III 


To mention the wider implications 
from this curious incident: In the first 


place one notes the importance of dis 
aster or crisis in producing the taboo and 
the folk-lore. No 


many of our taboos and methods of social 


doubt a great 


new 


control arose in critical situations not 
unlike this one in general features. In 
the second instance, one must recognize 
the psychological factors in the situation, 
such as the arousal of intense emotions, 
the feelings of balked effort and the ten- 
dency to superstitious and magical 
thought 
sense means failed 
tion which the interpretation of this ex 
the 


processes when the common 


Finally, the direc- 


perience took was determined by 
previous experience, by what the anthro- 


pologist calls the culture patterns, of the 


group. Thus, the development of real 
animal worship and the making of the 
gull into a true 


prevented by the existence in the minds 


totem were probably 
of these people of religious and social 
ideas of a higher and different order from 
those current in more primitive peoples. 





THE WIDER ASPECTS OF COSMOGONY'’ 


By Dr. J. H. JEANS 


SECRETARY OF THE ROYAL SOCIETY 


INTEREST in scientific cosmogony is a 
recent, and still a very tender growth. 
Anthropologists and geologists tell us 
that man has existed on earth for some- 
thing like 300,000 years; we must go this 
far back to meet our ape-like ancestry. 
Between them and us some 10,000 gen- 
erations of men have walked the earth, 
most of whom have probably given some 
thought, in varying degrees, to the sig- 
nificance of their existence and the plan 
of the universe. 

Of these 10,000 generations of men, 
the first 9,990 unhesitatingly regarded 
the earth as the center, and terrestrial 
life as the central fact, of the universe. 
As was suited to its majesty and dig- 
nity as the abode of man, the earth 
stood still while the celestial sphere 
spun round it, covering in the earth 
much as a telescope-dome covers in the 
telescope; and this dome was spangled 
with stars, which had been thoughtfully 
added so not to leave the central 
earth unillumined at night. Ten gen- 
erations at most have been able to con- 
sider the problem of their existence in 
anything like its proper astronomical 
perspective. 


as 


THE PosiTIonN OF MAN IN THE UNIVERSE 


The total age of the earth far exceeds 
the 300,000 years or so of man’s exis- 


tence. The evidence of geology, and of 
radio-activity in rocks in particular, 
shows that it must be something like 
2,000 million years, which is several 
thousand times the age of the human 
race. Old Mother Earth must regard 

1 The Trueman Wood Lecture delivered before 


the Royal Society of Arts on March and 
printed in Nature. 
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paer 


man as a very recent apparition ind I 
Taki 


he has just appeared to burrow into | 
burn her forests, put her waterfalls int 
pipes, and generally mar the beauty 
her features. If he has done so m 
in the first few moments of his 
tence, she may well wonder what 
store for her in the long future ag 
which he is destined to labor on her 
face. For in all probability the lif 
front of the human race must 
mously exceed the short life behin 
A million million years hence, so far 
we can foresee, the sun will probab! 
still be much as now, and the earth 
be revolving round it much as now. 
year will be a little longer, and the 
mate quite a lot colder, while the 
accumulated stores of coal, oil and f 
est will have long been burnt up; 
there is no reason why our descendant 
should not still people the earth. Per 
haps it may be unable to support s 
large a population as now, and perha; 
fewer will desire to live on it. On th 
other hand, mankind, being three mil 
lion times as old as now, may—if 
conjecture does not distress our pessi- 
mists too much—be three million times 
as wise. 

Looked at on the astronomical tim 
scale, humanity is at the very beginning 
of its existence—a new-born babe, with 
all the unexplored potentialities of baby- 
hood; and until the last few moments 
its interest has been centered, absolutely 
and exclusively, on its cradle and f 
ing-bottle. It has just become conscious 
of the vast world existing outside its 
and its cradle; it is learning to focus it 
eyes on distant objects, and its awaken- 
ing brain is beginning to wonder, in 4 


future 
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vague, dreamy way, what they are and 
what purpose they serve. Its interest in 
this external world is not much devel- 
ned yet, so that the main part of its 
faculties is still engrossed with the 
adie and feeding-bottle, but a little 
brain is beginning to 


eorner of its 
wonder. 

Taking a very gloomy view of the 
future of the human race, let us sup- 
pose that it can only expect to survive 
for two thousand million years longer, 
, period about equal to the past age of 
the earth. Then, regarded as a being 
destined to live for threescore years and 
ten, humanity, although it has been 
born in a house seventy years old, is 
itself only three days old. But only in 
the last few minutes has it become con- 
scious that the whole world not 
eenter round its cradle and its trap- 
pings, and only in the last few ticks of 
the clock has any adequate conception 
of the size of the external world dawned 
upon it. For our clock does not tick 
seconds, but years; its minutes are the 
lives of men. A minute and a half 
ago the distance of a star was first 
measured and provided a measuring- 
rod for the universe. Ten seconds ago 
Shapley showed how the peculiar stars 
known as Cepheid variables provide a 
longer measuring-rod, and taught us to 
think in distances so great that light 
takes hundreds of thousands of years 
to traverse them. With the very last 
tick of the clock, Hubble, using the 
same measuring-rod, has found that the 
most remote objects visible in the big- 
gest telescope on earth are so distant 
that light, traveling 186,000 miles a 
second, takes about 140 million years 
to come from them to us. 

Not only is our vision of the uni- 
verse continually expanding, but also 
it is expanding at an ever-increasing 
rate. Is this expansion destined to go 
on for ever? So far as we can at 
present see, no; for a general guiding 


does 
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principle, that of generalized relativity, 
fast 
theory, 


limit, which we are 


Aceording to 


fixes a ap- 


proaching. this 
space can not extend for ever; it has no 
limit, but is nevertheless finite like the 
Without explor- 
and the the 


earth’s surface, we can make a fair esti- 


surface of the earth 


ing surveying whole of 


mate of its total area by measuring its 
radius, which we can do by measuring 
In the 
same way the total volume of space is 
fixed by a quantity, the 
which determined by 
measuring the density of distribution of 


Space 


its curvature at any one point. 


curvature ot 
space, can be 


matter in which con 


tained no matter would go on for ever. 


space. 
but the parts of space we can 
with our telescopes contain enough mat 
ter to show that we already see an ap- 
preciable fraction of the whole of space. 


survey 


It is as though our baby, watching ships 
coming from over the horizon, concluded 
that the earth’s surface was curved, and 
formed a general rough conception of 
its size by imagining the observed cur 
vature continuing until the earth’s sur 
face rounded back on itself. 


Exact figures are impossible, but 


Hubble has calculated that 
not likely to extend to more than about 
a thousand times as far as the farthest 
nebula visible in the biggest telescope. 
Nothing prevents our going on and on 
in space beyond this distance, but, if 


Space 1S 


we do, we merely come back to ourselves 
The possessor of a sufficiently sensitive 
wireless apparatus may emit signals and 
pick them up a seventh of a 
later after they have traveled 
the world. In the same way a not in- 
conceivable increase in our 
telescopes would take us the 
whole of space, and we should see the 
stars surrounding sun by light 
which had traveled round the universe, 
not of course as they now are, but as 
they were 100,000 million years ago. 


second 


round 


the size of 
round 


our 
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Such considerations make it improb- 
able that the expansion of the universe 
can continue at its present rate for 
much longer. Having grasped that the 
world is round, the infant speedily 
forms a fair idea of its size. Our par- 
ticular infant, mankind, has made the 
great discovery of the existence of the 
outer world, has formed some concep- 
tion of its size, and adjusted his ideas, 
not by a process of slow revelation, but 
by a brain-flash of the last few seconds. 
In his mature years and his staid old 
age he is no doubt destined to make 
many sensational discoveries, but he can 
never again live through the immortal 
moment at which he first grasped the 
immensity of the outer world. We only 
live through a few ticks of his clock, 
and fate might have ordained that they 
should be anywhere in the three days 
that the child has already lived, or in 
the seventy long, and possibly tedious, 
years yet tocome. The wonderful thing 
is that she has selected for us what is, 
perhaps, in some ways the most sensa- 
tional moment of all in the life of our 
race. 

The child sets its newly awakened 
mind to work to adjust and coordinate 
a new array of facts. If the world was 
not made to surround its cradle, what 
purpose can it serve? If the lights of 
the great ships in the harbor were not 
designed to light its nursery at night, 
what can they possibly be for? And, 
most interesting problem of all, if the 
world is such a big affair, can there be 
other cradles and other babies? 

These remarks will have served their 
purpose if they suggest that what I am 
rashly trying to set forth here should 
not be judged as a finished science or 
the solution of a problem; it is rather 
the first confused gropings of the infant 
mind trying to understand the world 
outside its cradle. And if the impres- 
sion produced by its first inexperienced 
glance at the outer world had to be de- 


seribed in a single word, it would pr 
ably select the word ‘‘immensity.”’ 


THE IMMENSITY OF SPACE 

The immensity of space is measy 
by the figures already mentioned. Lig); 
and wireless signals travel at th 
rate because, of course, they are 
tially the same thing; and this t! 
takes a seventh of a second to tr 
round the world, and probably se 
thing like 100,000 million years to t: 
round the universe. The ratio of 
times (2 x 10'*) measures the di 
sions of the universe in terms of 
familiar dimensions of the world 
cidentally, it also measures the ex; 
sion of our spatial ideas since Coper. 
nieus. The disparity of size is too g 
to be easily visualized. Suppose the s 
of our earth represented by a sing! 
atom. Then the range of vision of t! 
biggest telescope is about represented by 
the whole earth, and the size of 
whole universe, according to the theory 
of relativity, is represented by a sta 
of a thousand million earths. 

Searcely less bewildering than the in- 
mense extent of space is the immens 
amount and variety of matter it con. 
tains. The sun, which is a million times 
as big as the earth and 300,000 times as 
massive, proves to be something les 
than a grain of sand on the seashore 
It forms one of a family whose number 
must certainly be counted in thousands 
of millions; Seares has estimated it 
thirty thousand millions. This is not 
the only family of stars in space. Each 
of the great spiral and other extraga- 
lactic nebulae, is either a family of stars, 
or consists of stars in the making, or of 
matter which is destined ultimately to 
form stars. We can estimate the masses 
of these great nebulae by gravitational 
means, and each is found to contain 
enough matter to make a thousand mil- 
lion suns. This of itself will give some 
conception of the vast size of these 
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nebulae, but to tell the whole story, it 
must be added that their colossal masses 
are so tenuous that each millionth part 
of an ounce is, on the average, as big as 
the Matterhorn. Think of a body which 
is bigger than the Matterhorn by as 
thousand million 
heavier than a millionth part of an 
ounce, and we have the any 
one of these great nebulae. Any one 
of the three photographs that I have 
would have to be enlarged so as to cover 
the whole of Asia before a body of the 
size of the earth became visible in it 
at all, even under the most powerful of 


much aS a suns is 


size of 


microscopes. 

Hubble estimates that about two mil- 
lion such nebulae are visible in the great 
100-inch telescope at Mount Wilson, and 
that the whole universe has about a 
thousand million times the volume of 
that part of space visible in this tele- 
scope. Let us now multiply 1,000 mil- 
lion by 2 million, and the product by 
1,000 million. The answer (2 x 10**) 
gives some indication of the probable 
number of stars in the universe; the 
same number of grains of sand spread 
over England would make a layer hun- 
dreds of yards in depth. Let us reflect 
that our earth is one millionth part of 
one such grain of sand, and our mun- 
dane affairs, our troubles and our 
achievements, begin to appear in their 
correct proportion to the universe as a 
whole. 

While the stars may fairly be com- 
pared to grains of sand in number, they 
differ too much inter se for the com- 
parison to be carried further. There is 
an enormous variety of big and little 
stars, of bright and faint stars, of red 
and blue stars, and of hot, hotter and 
still hotter stars. The faintest of known 
stars (Wolf 359) emits only a fifty thou- 
sandth part of the light of the sun, while 
the brightest (S. Doradus) emits 300,000 
times as much light as the sun. The 
smallest known star (Van Maanen’s 
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is about the size of the earth: a 


star ) 
million such 
side the sun and leave room to spare. 


stars could be packed in- 


The largest known star (Betelgeuse) is 
so large that 25 million 
packed inside it. Their 
greater than those between a searchlight 


suns could be 
ranges are 


and a glowworm, or between balloons 
and bird-shot. 

Yet the stars are essentially 
structures. A 


a central nucleus round which a number 


similar 
normal atom consists of 
of electrons revolve like planets round 
the sun—a miniature 
fact, in which the vacant space far ex- 
matter. With 
great heat the electrons begin to break 
loose and fly off at a tangent. The cen- 
tral temperatures of the stars can be 
calculated with fair precision, and prove 
to be so high that most of the electrons 
must have already broken loose from 
their atoms. Of recent great 
deal of labor has been devoted to test- 
ing the hypothesis that practically all 
the electrons have so broken loose, the 
stripped atoms and flying 
about in a general hurly-burly like the 
molecules of a gas. But the hypothesis 
has proved disappointing, and a much 
more probable hypothesis is, I think, 
that the atoms are not stripped quite 
bare, but that in most stars they retain 
a few rings of electrons which give the 
atoms so much size that they jostle one 
another about like the molecules of a 
liquid. This hypothesis explains beau- 
tifully the otherwise puzzling fact that 
stars of large mass fall into distinct 
groups, of what may almost be described 
as ‘‘standardized’’ sizes. On the ‘‘ liquid 
star’’ hypothesis, these different sizes 
correspond to the different sizes possible 
for the stellar atoms, which may have 
0, 1, 2, or 3 rings of electrons left, but 
ean not have fractional numbers. The 
largest stars of all, such as Betelgeuse, 
have three rings left, while minute 
stars, such as Van Maanen’s star, con- 
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ceeds that occupied by 


years, a 
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sist of atoms most of which are stripped 
quite bare, so that there is almost no 
limit to the closeness with which they 
can be packed together. An average 
handful of the matter of which this star 
is composed would contain about ten tons. 

Thus the observed sizes of the stars 
proclaim the secret of the structure of 
the atom. The sizes of the stars are dis- 
continuous because the sizes of atoms 
broken down to different stages are dis- 
continuous. These discontinuities can 
be traced in turn to the discontinuities 
which form the central feature of the 
new quantum dynamics. Thus the dis- 
tinguishing characteristic of the laws 
which govern the most minute processes 
in Nature is transmitted directly into 
the large scale phenomena of astronomy 
and governs the distribution of the huge 
masses of the stars. The infinitely 
great is never very far from the infi- 
nitely small in science, but it would be 
hard to find a more sensational illustra- 
tion of the unity of science than that I 
have just given. 

On this hypothesis, not only do the 
observed sizes of the stars disclose the 
general structure of the atom, which is 
old knowledge, but they also reveal the 
detailed structure of the particular atoms 
of which the stars are composed, and this 
is new knowledge. To be precise, the ob- 
served sizes of the stars disclose the 
atomic weights of the stellar atoms; they 
indicate that the stellar atoms are proba- 
bly rather heavier than the heaviest 
atom, uranium, known on earth. The 
atoms which reveal their presence in 
stellar spectra are, of course, atoms of 
the ordinary terrestrial elements—hy- 
drogen, iron, calcium, and the like. 
These, being the lightest atoms in the 
star, must naturally float up to its sur- 
face, and, as the earth was originally 
formed out of the surface of the sun, the 
earth is necessarily composed of them. 
But it now appears likely that down in 
the depths of the stars are other un- 


known and heavier atoms. We pp 
almost say that it must be so, for no te) 
restrial atoms, not even radium or 
nium, can produce anything like 
amount of energy which these st; 
atoms are observed to produce. 


THE IMMENSITY OF TIME 

The immensity of space is paralle! 
by that of time. We can estimate { 
ages of stars from the impression 
time has made upon them, just as 
estimate the age of a tree from the) 
ber of subdivisions of its stem, or 
rings in its cross section. Ther 
three principal methods of doing 
The orbits of binary stars, which ar 
cular at birth, are gradually knocked 
of shape by the forces from passing 
stars. As we can calculate the rat 
which this process occurs, the shap 
stars’ orbits can be made to reveal t! 
The moving clusters provid 
Groups of bright star 


ages. 
second method. 
such as the Great Bear, the Pl 
Orion’s Belt, are often found to consist 
of exceptionally massive stars w! 
move in regular orderly forn 
through a jumble of slighter stars, |i 
flight of swans through a 
erowd of rooks and starlings. Sw 
however, are conscious beings, and co! 
tinually adjust their flight so as to pr 
serve their formation. The swan- 
stars can not do this, so that their 
derly formation must in time be broke: 
by the gravitational pull of other st 
When this happens, the lighter stars 
naturally knocked out of formation fi 
while the most massive stars retain tli 
formation longest. This agrees with 
what is observed, and as we can calcu- 
late the time necessary to knock out t 
lighter stars, we can at once deduce th 
ages of those which are left in. <A third 
method of investigation rests upon 
rather abstruse dynamical theorem 
which shows that after a sufficient tim 
the energies of motion of the different 
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types of stars must tend to equality, the 
‘tle stars making up for the smallness 

their mass by the rapidity of their 
motion. Seares has shown that the stars 
near the sun have nearly attained to this 
ideal state, and as we can calculate the 
time needed to establish it, we can again 
deduce the ages of the stars. 

It is gratifying and significant that 
all three lines of investigation lead to 
e same result: the stars are found to 
be some millions of millions of years old, 
perhaps from five to ten millions of mil- 
lions. We ean not state their age with 
much precision, but it is the general 
order of magnitude, not the exact figure, 
that is important. 


STELLAR RADIATION 

Year after year, century after cen- 
tury, for millions of millions of years, 
the sun radiates enough energy from 
each square inch of its surface to keep 
a 50 h.p. engine continually in action; 
still hotter stars may radiate as much as 
30,000 h.p. per square inch. If this 
nergy were produced by the combus- 
tion of coal, the stars would all be com- 
pletely burnt out in a few hundreds or 

ousands of years. Where, then, shall 
we find a source of energy to last mil- 
lions of millions of years? 

More than twenty years ago I directed 
attention to the enormous store of 
energy made available by the annihila- 
tion of matter, by positive and negative 
electrons falling into and annihilating 
one another, thus setting free the whole 
of their intrinsic energy as radiation. 
On this scheme neither energy nor mat- 
ter had a permanent existence, but only 
a sort of sum of the two: each 
theoretically at least, convertible into 
the other. Whether energy is ever 
transformed into matter we do not 
know; probably not. But the falling 
together of electrons and protons forms 
the obvious mechanism for the trans- 
formation of matter into energy, and 
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radiation about 
and electromagnetic theory tells us the 


The reason is that 


of air. 


carries mass with it, 


amount of this mass. For example, we 
ean calculate that a searchlight which is 
radiating 50 horse-power of energy is 
discharging mass into space with the 
radiation at the rate of a gramme and a 
quarter a century; with sufficiently deli 
cate adjustments it might even be 
sible to observe the recoil of the 
light. 
has actually been 
not in this particular way. 
is of course being continually fed into 


pos 
search 
Indeed, the pressure of radiation 
measured, although 
New mass 


the searchlight by the electric current 
Each square inch of the sun’s surface 
is in effect a searchlight 
radiation into at the 
horse-power, and so is discharging mass 
at the rate of a gramme and a quarter a 
century, and the sun’s surface is so large 
that the sun as a 
mass into space at the rate of 250 million 
tons a minute. Now the 
source of replenishment. It 
weighed 360,000 million tons more yes- 
terday than to-day, and by 
will weigh 360,000 
These are not mere speculative state 
ments; they rest on observation, and on 


discharging 


rate of 50 


space 


whole 1S discharging 
sun has no 
must have 
To-morrow 


million tons less 


generally accepted principles which are 
directly confirmed by observation. 
Allowing for the fact that a more mas 
sive star emits more radiation than a less 
massive one, we can calculate that five 
or ten million million years ago the sun 
must have been several times as massive 
as it is to-day, so that it has already lost 
most of the mass it had at birth. Of 
each ton it had at birth only a few hun- 
dredweights at most remain to-day. The 
loss of mass which accompanies radia- 
tion is, then, no mere academic hair- 
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splitting. It is a real astronomical phe- 
nomenon, and young stars must be 
many times as massive as old stars. 

There is a certain amount of direct 
evidence of this change of mass. The 
radiation of the stars imposes an end- 
lessly recurring capital levy upon their 
masses, which, as observation shows, is 
graduated and increases very steeply 
indeed for the richest stars. The levy 
makes all the stars poorer, but it also 
tends to equalize what wealth remains; 
the older the stars get, the more nearly 
equal their impoverished masses become. 
This is a large part of the reason why 
the stars are nearly equal in mass. The 
process is most clearly marked in the 
binary systems, which have been formed 
by a single star breaking into two. The 
two component stars of such a system 
are necessarily of the same age, and it is 
a matter of observation that the small 
stars of old systems are nearer to equal- 
ity of mass than the massive stars of 
young systems. 

Thus observation and theory agree in 
indicating that the universe is melting 
away into radiation. Our position is 
that of polar bears on an iceberg that 
has broken loose from the icepack sur- 
rounding the pole, and is inexorably 
melting away as the iceberg drifts to 
warmer latitudes and ultimate extine- 
tion. 

Five million million years ago the sun 
had stored up within itself the energy 
which was destined to provide its light 
and heat until to-day, and the mass of 
this energy was many times the present 
mass of the sun. No means is known by 
which so much mass could be stored 
except in the form of electrons and pro- 
tons. Thus we must suppose that the 
radiation of the sun through these mil- 


energy ; the continuous breakage of { 
bottles in the sun sets free the radi 
which warms and lights our earth. 
enough unbroken bottles remain t 
vide light and heat for millions of 
lions of years to come. 

The amount of energy made ava 
in this way is amazing. The ann 
tion of a pound of coal a week 
produce as much energy as the com! 
tion of the five million tons a week wh 
are mined in the British Isles; an 
of coal a month would provide loco: 
tive power for all the 
while a single drop of oil would take t 
Mauretania across the Atlantic. W 
we speak of the efficiency of a st 
engine as 5 per cent. or so, we reg 
complete use of the thermal energ) 
combustion as 100 per cent. efficier 
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the annihilation of an electron must 
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use the technical term, the radiation 1 
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lions of millions of years has been pro- 
duced by the annihilation of electrons 
and protons which existed in it origi- 
nally, but no longer exist now. These 
electrons and protons are pure bottled 
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bombardment by radiation of shorter 
~ave-length, and consequently of greater 
nenetrating powers, than any we can 
- duce on earth. 

Many years ago such radiation was 
ietected in the earth’s atmosphere by 
MeLennan, Rutherford, and other ob- 
servers; it has recently been studied in 
jetail by Millikan and others. There is 
no reason to doubt that it originates just 
where it ought to, namely, in the great 
nebulae, and its amount is about what it 
ught to be, if it is evidence of the whole 
yniverse melting away into radiation. 
The wave-length of the radiation might 
be expected to reveal the physical proc- 
ess by which it is generated, but the evi- 
dence is a bit puzzling. The hardest 
terrestrial radiation penetrates inches of 
lead and corresponds to a voltage of 
hundreds of thousands of volts. The 


cosmic radiation penetrates about five 
yards of lead, and the hardest rays are 


now found to correspond to about 60 
million volts, Millikan was at one time 
inclined to attribute the rays to the com- 
bination of four atoms of hydrogen to 
form an atom of helium, but rays so 
produced would only be of the hardness 
corresponding to 30 million volts. There 
are many ways known to physics of 
softening radiation, but none of harden- 
ing it. Thus we must look for some 
source more energetic than the synthesis 
f hydrogen into helium, and I can see 
no possible stopping-place short of the 
annihilation of matter. Again, we are 
not dealing with a minute phenomenon 
of mere academic interest. In a sense 
this radiation is the most fundamental 
physical phenomenon of the whole uni- 
verse, most regions of space containing 
more of it than of visible light or hea. 
Our bodies are traversed by it night and 
day. Short of going down into a mine 
or in a submarine we can not escape it, 
and it is so intense that it breaks up 
several million atoms in each of our 
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bodies every second. It may be essential 
to life or it may be killing us. 


THe LIvEs OF THE STARS 
The stars are almost certainly born in 
nebulae of the type of the great extra- 
galactic nebulae. These nebulae show a 
great variety of but a 
thread connects them all; they are the 


shapes, single 
shapes of huge masses of gas endowed 
with different amounts of rotation. So 
definitely is this the case that when 
Hubble recently tried to classify the 
shapes of these nebulae, deliberately and 
avowedly shutting his eyes to all theo- 
retical considerations, he found that 
purely observational considerations com- 
pelled him to classify them in precisely 
the sequence I had predicted on theoreti- 
cal grounds some ten years earlier. 

A huge mass of gas which was entirely 
devoid of rotation would of course as- 
sume a strictly spherical shape; rotation 
would flatten this shape out, just as the 
earth is flattened by its rotation, until 
ultimately most of the matter was spread 
out in a thin disc. Now mathematical 
theory shows that the thin 
structure could not remain a mere fea- 
tureless mass of gas. Just as the cooling 
of a cloud of steam causes it to condense 
into drops of water, so the cooling of a 
cloud of gas causes it to condense into 
detached masses. We see the phenome- 
non in progress in nebular photographs; 
it is a necessary theoretical consequence 
of the laws of and the law of 
gravitation. 

Now the same theory which predicts 
that the phenomenon must happen, pre- 
dicts the scale on which it will happen 
We can calculate how much matter will 
go to the formation of each ‘‘drop,’’ and 
the calculated masses of the drops come 
out to be just about the same as the 
masses of the stars. Indeed these drops 
are stars, and the process just described 
is that of the birth of stars. Unmistak- 
able stars have been observed in the 


dise-like 


gases 
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outer regions of many of the spiral 
nebulae. It is naturally not possible to 
identify every observed spot of light 
with a star, but some of them show pre- 
cisely the same peculiar fluctuations of 
light as characterize a certain class of 
variable star, the Cepheid variables 
already mentioned, and these put the 
identity of these particular spots of light 
beyond all reasonable doubt. 

In these nebule, then, we are watching 
the birth of stars, the transformation of 
an inchoate mass of gas into an ‘‘island 
universe’’ of stars. Indeed Hubble 
found it necessary to end up his classifi- 
cation of nebulae with clouds of stars. 
At one end of his continuous sequence is 
a nebula, shaped like a mass of rotating 
gas, in which not a single star is visible: 
at the other end a star-cloud in which 
nothing but stars are visible. Our galac- 


tie system of stars is probably the final 
product of just such a transformation, 


the Milky Way still recording the posi- 
tion of the equatorial plane of the origi- 
nal nebula. 

Stars born in this way may meet with 
a variety of accidents and these result in 
different observed astronomical forma- 
tions. A star may rotate too fast for 
safety, just as a flywheel may; when this 
happens it breaks into two, and the two 
stars so formed revolve endlessly about 
one another as a binary system. Two 
stars may run into one another, although 
this is very rare. A more common oc- 
currence is for two stars to escape run- 
ning into one another by a narrow shave. 
When this happens, huge tides are raised 
on the two stars involved, and these may 
take the form of long streamers of gas, 
which ultimately condense into ‘‘drops’’ 
just as did the gas in the outlying 
regions of the spiral nebule. It seems 
reasonably certain that the planets were 
formed in this way. 

The birth of the solar system, then, 
resulted from the close approach of two 
stars; if a second star had not happened 


to come close to our sun, there 
have been no solar system. It m 
thought that with a life of millions 
millions of years behind it, one st 
another would have been certain t 
near enough at some time to tear p! 
out of the body of our sun. Caley 
shows the reverse; even after thei; 
lives of millions of millions of 
only about one star in 100,000 
surrounded by planets born in this y 
A quite unusual accident is necessar 
produce planets, and our sun with 
family of attendant planets is rat} 
the nature of an astronomical freak 

In the thousand million 
rounding our sun there are, at a mo 
ate computation, not more than 
thousand planetary systems, bh 
there has not been time for more t 
this number to be born. They 
course still coming into existence; 
culation suggests a birth-rate of : 
one per thousand million years. 1 
we should have to visit thousands 
millions of stars before finding a plan 
tary system of as recent creation as 
own, and we should have to visit mil! 
of millions of stars before finding 
planet on which civilization, and interest 
in the outer universe, were as recent 3 
growth as are our own. We are stand 
ing at the first flush of the dawn 
civilization, and are terribly inexper 
enced beings. 

It may be suggested that the creatio 
of planetary systems is also only begin- 
ning, and that in time every star will by 
surrounded, like our sun, by a family 
planets. But no; the stars will hav 
dissolved into radiation or disappeared 
into darkness before there is time (for 
this to happen. So far as we can judg: 
our part of the universe has lived th 
more eventful part of its life already 
what we are witnessing is less the rising 
of the curtain before the play than the 
burning out of candle-ends on an empty 
stage on which the drama is already 
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er. There is not time for many more 
»lanets to be born. 


LIFE AND THE UNIVERSE 

The planets are the only places we 
know where life can exist. The stars 
are too hot; even their atoms are broken 
up by the intense heat. Nebule are in 
every way unsuitable; even if cool solid 
hodies exist in them, they would proba- 
bly be so drenched with highly pene- 
trating radiation as to render life im- 
possible. Life demands a special type 
of matter, such as not produce 
intense light and heat by transforming 
itself into radiation. We find it only in 
the surfaces of the stars, which are too 
hot for life, and in the planets which 
have been pulled out of these surfaces. 

On any scheme of life 
must be limited to an exceedingly small 
corner of the universe. To our baby’s 
wonderings whether other cradles and 
other babies exist, the answer appears 
to be that there can at best be very few 
cradles, and there is no conceivable 
means of knowing whether they are ten- 
anted by babies or not. We look out 
and see a universe consisting primarily 
of matter which is transforming itself 
into radiation, and producing so much 
heat, light, and highly penetrating 
radiation as to make life impossible. In 
rare instances, special accidents may 
produce bodies such as our earth, formed 
of a special cool ash which no longer 
produces radiation, and here life may be 
possible. But it does not at present 
look as though Nature had designed the 
universe primarily for life; the normal 
star and the normal nebula have nothing 
to do with life except making it impos- 
sible. Life is the end of a chain of by- 
products; it seems to be the accident, 
and torrential deluges of life-destroying 
radiation the essential. 

There is a temptation to base wide- 
reaching inferences on the fact that the 
universe as a whole is apparently an- 


does 


cosmogony, 
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tagonistic to life. Other quite different 
inferences might be based on the fact of 
our earth being singularly well-adapted 
to life. We shall, ] 
avoid both. 


think, do well to 
Each oak in a forest 


thousands of 


pro- 


duces many acorns, of 
which only one succeeds in germinating 


and becoming an oak 
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acorn, contemplating myriads of acorns 
lving erushed, rotten, or dead on the 
ground, might that the 
must be inimical to the growth of oaks, 
but the 
providence 


argue forest 


or might reason that nothing 
intervention of a 
could account for its own suec 
face of so many failures. We must be 
ware of both types of hasty inference 


spec al 
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In any case, our three-days-old infant 
can not be very confident of any inter 
pretation it puts on a universe which it 
only discovered a minute or two ago. 
We have said it has seventy years of 
life before it, but in truth its expecta 
tion of life would seem to be nearer to 
70,000 years. It may be puzzled, dis- 
tressed, and often irritated at the appar- 
ent meaninglessness and incomprehensi- 
bility of the world to which it has sud- 
denly wakened up. But it is still very 
young; it might travel half the world 
over before finding another baby as 
young and inexperienced as itself. It 
has before it time enough and to spare 
in which it may understand everything. 
Sooner or later the pieces of the puzzle 
must begin to fit together, although it 
may reasonably be doubted whether the 
whole picture can ever be comprehen- 
sible to one small, and apparently quite 
insignificant, part of the picture. And 
ever the old question obtrudes itself as 
to whether the infant has any means of 
knowing that it is not dreaming all 
the time. The picture it sees may be 
merely a creation of its own mind, in 
which nothing really exists except itself ; 
the universe which we study with such 
care may be a dream, and we brain-cells 
in the mind of the dreamer. 





ACTIVITIES IN PLANT PHYSIOLOGY 


By Dr. D. T. MacDOUGAL 
DESERT BOTANICAL LABORATORY 


PossIBLE activities in plant physiology 
may be discussed most profitably upon 
the basis of comprehension of recent 
movements and present activities in 
plant dynamics. To gain a perspective 
of the field it will not be necessary to 
review the entire subject. The main 
trend and the direction of the most im- 
portant developments may be projected 
or outlined by recalling some of the 
phases of the subject in which advance 
has been notable. To do this adequately 
we need not go farther back than the 
beginning of the century. Progress in 
nearly all the branches of science and 
in invention in the intervening period 


has been more rapid than in any similar 
length of time in history. 

Researches in biological phenomena 
characteristic of plants have maintained 


the general pace. It was at the begin- 
ning of this period that DeVries, whose 
earliest researches date back a quarter 
of a century previously, made his experi- 
mental studies in heredity. That he 
should have formulated the mutation 
theory of evolutionary derivation of 
species by discontinuous variations, the 
essential feature of which is that of 
separable, measurable characters, seems 
to be a logical step from his earlier con- 
tribution to the subject of electrolytic 
dissociation of salts in_ solutions. 
DeVries made the mechanism of hered- 
ity the subject of experiment to supple- 
ment or replace observations on the face 
of nature; quantitative were substituted 
for qualitative methods, and the view- 
point taken was physiological rather 
than anatomical. 

So great has been the growth of 
knowledge in genetics, so numerous its 


students and so direct its applications j; 


human affairs and in plant and aniy 


industries that it has become a separa: 


academic subject. It is obvious 4) 
the original movement has now mere 


into a stage of diffuse elaboratio, 


details, from which it may emerge on); 
upon the origination of new major cop 
The perfection of the conce; 


ceptions. 


tion of the gene—its behavior in pure 


descent, linkag 
together—may 


and mixed lines of 
crossing over, etc., 


taken as in the second stage of movement 


in this field. 

It is now quite on the cards that som 
thing definite may result from ex; 
mental studies in controlled 
tions in heredity. Here I am disjx 
to believe that my own results 
qualitative disturbances obtained by 
troduction of solutions of 
into ovaries of seed-plants in 1905 « 
stitute the first definite effort in 
direction. Tested and pure lines 
plants were not available as experin 
tal material nor was it possible at t 
time to formulate the theoretical 
ceptions upon which profitable advan 


might be made in modifying heredit; 
employment of radiant 


The recent 


moditica- 


electr iytes 


energy by several skilled investigators 


has secured results which may form th 


basis of some positive contributions 
great import. It is not yet certain ' 


the genes are affected in such experime! 
In any case it may be safel 


tation. 
said that the alterations are to be attr 


uted to destruction of material or ' 


disturbances or rearrangement of 
chromosomal mechanism. Whether 
not actual constructive action in bul 
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w characters has been accom 
= vet to be determined 
the 


taken 


phases of physiology and 


ng workers have been 


by the 
ral or horticultural experiment 


ectly departments of 
or schools to gain a more speedy 
rect application of physiological 
s with a consequent loss of con 
ry power to the general subject 
specific results rather than gen 
neiples are required 
tributions in plant physiology find 
way into print in a wider variety) 
nals than any other known sub 
Pertinent papers appear in jour 
chemistry, biochemistry, physical 
colloids, general 


iistry, physies, 


physiology, plant physiology, genetics, 
ecology and in a wide variety of publi 
eations of botanical, agricultural, horti 
cultural and forestry science, as well as 
in the proceedings of societies, academies 
and institutes. | 
any other field in which the energies of 


am unable to name 
the personnel have been so widely and 
variously dissipated. 

branches are seat 


Closely correlated 


tered about in a highly inefficient man 
ner in schools, colleges and experiment 
stations. By reason of this diffusion and 


dispersion plant physiology in its en 
tirety, including the construction of liv 
ing matter, and the photosy nthetie proce 
esses to which the organic world owes its 
existence, the admitted basis of all agri 
culture and ineluding within its field the 
source of nearly all power available to 
but 
few more chairs and instructorships in 
colleges than in 1910. 
of little moment, but the deplorable fact 
remains that the study of plant dyna- 


the use 


of man, is represented by 


This last count is 


mies as now followed and practiced is 
‘lumsy, 
field 


That the content of 


inefficient and one by which the 
of effort tends to become sterilized. 
the subjeet and 
modes of approach have altered at 
pid rate is well illustrated by the 
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Various combinations are known to 
exist between carbohydrates and lipoids 
and between lipoids and proteins 


Hlowever complex the system may be, 


and the above facts simply suggest some 


of its features, the main feature of pro 
toplasmie material in which the biol 
ogist is perennially interested is_ its 
hydration. The number of molecules in 
the shell of water held by the charged 
particle is in the end the measure of its 
capacity for action. A whole constella 
tion of agencies affeet this feature of 
living matter. The state of hydration 
of any plasmatic mass changes unceas- 
ingly by the action of the ions or 
charged particles moving within or 
through it, and of these the hydrogen 
ion being the most mobile is the most 
influential. It is not alone, however, in 
affecting the colloidal meshwork or the 
state of suspensions. 

We have moved rapidly from the 
resolution of the minute structure of 
protoplasm considered as a foam by 
the use of objective lenses which find 
their limit at half a sodium wave- 
length to the employment of the ultra- 
microscope by which size and move- 
ment of particles beyond the range of 
vision are registered. Cytology must 
now, to make further gains in _ its 
salient, move over onto a basis of the 
dynamies of colloids. Living matter is 
like a stream. Depth or cross-section 
of the bed are features of minor interest 
unless correlated with the speed of the 
current, nature and movement of the silt 
earried, erosive action, source and desti- 
nation of flow. 

Nothing in the foregoing is to be 
taken as belittling the importance of 
architecture or the arrangement of the 
component parts of the cell. On the 
contrary, there has never been a time 
when the plan of construction of the 
living machine has assumed such impor- 
tance. Throughout the entire range of 
metabolic activity, in all transformations 


of energy, in all phenomena 

upon viscosity and surface 

all movements of material int 
of the cell, growth, and in ope 
wide and large as the movement 
in cohesive columns in st 
of feet in length the state of t! 


ems 


particles, relative positions 
structure of the walls, and 
nisms formed by the tissues 
first importance. Physiological] 
in its ultimate sense has com: 
own. 

No matter what field of phys 
considered the experimenter, 
results of any real value, must 
upon the basis of the constit 
living material. The conceptiv 
protoplast as a blob of protein ! 
suffices to explain ecell-activities 
liquid and gelatinous mass also 
mucilages and lipoids. The r 
the living cell are a resultant ot 
joint action of its constituents, 
larly as to exchanges of mater 
the environment, in which case t 
position and condition of the cel 
also to be taken into account 

After participating in the wor 
Desert Laboratory for more 
decades I wish to restate the cor 
that nearly all the more im 
problems of plant physiology 
the relations of living matter to 
in some manner. 

The action of the chlorophyll MN 
the conversion of radiant energ 
the reduction processes for whic] 
furnish the scene and the accessor 
terials might well be designated 
most fundamental conerete chi 


processes with which biological s 


has to deal. The approximation 
set of reactions in the green cel 
arrangements by which light 
upon preparations in glass or 
containers may induce the format 


other substances which may be ut 
by living cells earry a series of pro! 
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\\ were perforce content until re 
to regard growth as one of the 
plained and unexplainable ** vital 
mena.’’ Effort is now being made 
ve mathematical expression of its 
and course The value of the de 
d formulae will inerease with the 
sion of more of the main variables 
the caleulations. Like all external 
festations the underlying processes 
‘omplieated. If increases in volume 
conditional on the formation of a 
lding material as inherent in many 
ories, and upon substances increasing 
xtensibility of cell walls, actual in 
eases of the molecular mesh of living 


er and of the surface attraction of 


harged particles in osmosis and swelling 
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Time does not allow a discussion of 
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WARD'S NATURAL SCIENCE ESTABLISHME Tt 


By HERMAN L. FAIRCHILD 


EMERITUS PROFESSOR, UNIVERSITY OF ROCHESTE! 


THE passing of this unique institution ‘‘graduated’’ from the estab 
to the ownership of the University of The quotations in this writing 
Rochester is an incident of scientific and those articles. 
educational interest. But the transfer As a very young man Ward 
of the quasi-commercia! institution to student at Williams College, 


one that is wholly educational is not as there to join Agassiz at Cambri 


surprising and strange as it may ap- doing his geologic work in the KE 
pear. The establishment began when its Mines, in Paris. While collect 
founder, Henry A. Ward, was the pro-_ selling fossils in France, Enela: 
fessor of natural science in the college; Germany to pay his expenses 
and it was housed on the college campus. School of Mines he conceived thi 
Moreover, the enterprise was connected making a great and comprehens 
with, or an outgrowth of, the Ward _ eational collection in geologic 
Collections which had been presented to After he had secured examples 
the university. In 1869, after the burn- limited material then available in 
ing of its building, the establishment ica he spent six years wanderin: 
was relocated directly across the narrow Europe and part of the orient, 
Avenue), where it has ing, exchanging and purchasing 
rial. 


street (College 
remained. 

For over sixty yvears ‘‘Ward’s’’ has In the year 1861 his collecti 
been the emporium for natural history phenomenal geology, paleontolog 
material, and with no rival in the wide’ trology and mineralogy were ex! 
field. Any fair account of the institu- in a large hall in Rochester, to 
tion must be a part of the life story of light and wonderment of all 
Henry A. Ward, a most remarkable Letters from several of the most er 
man, ‘‘the king of museum builders.’’ naturalists of that day assert t] 
The full account of his restless life has collection as a whole was the fin 
not been written. His singular modesty its kind in America. And Ward 
delayed the dictation of his memoirs, then only twenty-seven years of ag 
and his death by accident, in 1906, de- But the collection was not salab 
stroyed the hope. He was a charming’ was too large and complete. No ins 
writer and a peerless raconteur. His tion in America then desired su 
self-told narrative would have made the great geologic museum. To pu 
most interesting travel-book ever writ- the material and repay his unele, 
ten. Ward, who had financed him, the 

Two racy articles about Ward have of Ward and the university rais 
been written by William T. Hornaday; fund of $20,000 and gave the collect 
one in the Commercial Travellers Home _ to the college. Its display used 1 
Magazine, February, 1896, ten years tire top floor of Anderson Hall. A 
previous to Ward’s death; the other in proportion of the 40,000 labels 
The Nation, July 12, 1906. These have the hand-printing of G. K. Gilbert 
special value because Hornaday is one was the senior ‘‘alumnus’’ of W 
of the eminent scientific men who had Establishment. 
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A GROUP OF WAR 


Twenty years later the museum was catalogues wer 
removed to Sibley Hall and left unar- which we used 
ranged. One of the conditions which  text-book.’’ 
drew the writer to Rochester, in 1883, ‘* Professor 
was the opportunity of reclassifying and achievement 
installing the superb collections. cator was, In my 
During Ward’s activity in Europe he’ task which culminated in th C 
was able to obtain permission to make lection of Casts. Poor indeed is the 


| ] 4 
i does Tho 


plaster molds of the very striking and college or university whic 
unique fossils in the great royal mu tain a series About two hundred 


seums, which he reproduced for his sets of them have, I think, found lodg 


Rochester museum, Of these Hornaday ment in the museums and higher insti 


says: ‘‘No sooner were these wonderful tutions of learning in this country 

casts brought forward than other insti- With accumulation of paleontologie 
tutions of learning sought copies from material the plaster imitations are, natu 
the same molds, and ‘Ward’s Casts of rally, in disfavor. But sixty. years ago 
Celebrated Fossils’ was the final result. they were a necessary and admirable 
American teachers and students, to means of illustration. Even to-day they 
whom the originals were inaccessible, are desirable for certain unique fossils, 
were delighted with them. Illustrated like the Archeopteryr. And the east of 
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a fine fossil is often better than a poor 
or imperfect original. 

Many of the Ward publications, which 
now number two hundred and ninety- 
five cireulars and forty-three catalogues, 
have been in demand for use with col- 
lege classes, especially the ones relating 
to zoology and paleontology. 

Supplying models of type fossils 
(originals of the invertebrates being 
largely in the Rochester Museum) was 
the larger part of the initial work of the 
establishment. But the business rapidly 
expanded until it covered all classes of 


museum and laboratory material in 


geology and zoology, including taxi 


dermy. Of the latter Hornaday writes: 
** As early as 1873, when the best of our 
scientific museums were in their swad 
dling clothes, and skilled museum pre- 


Fic. 2. THE STUFFED SKIN OF JUMBO. AT RIGHT ARE THE TWO YOUNG MEN WHO MOUN 


CaRL AKELEY AND WILLIAM T. CRITCHLEY. 


parators were a_ negligible 

Professor Ward assembled at R 
a corps of the best French, Ge rl 
American taxidermists, mold 
modelers that high wages could 
In 1876 I was astonished in find 


Rochester afforded better facilit 


the study of museum making t] 
London or Berlin. 


**Scores ol other men ha 


trained here in various’ bran 


scientific work and have gon 
fill positions of 


Society of American Taxidermis 
founded here in 1880 by P: 


Ward’s taxidermists, and in al 


always received from him heart 


pathy as well as active support 


operation. It is my firm convictir 


no man living has done as mucl 


THE MOUNT IS aT Turts COLLEGE; PI! 


BY P. T. BARNUM. THE SKELETON IS IN THE AMERICAN MUSEUM OF NATURAL HI 


responsibility 
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the art of taxidermy the market 
been done by Henry A. Ward — troubles neve 
influence created by him.”’ the activities of 
photograph, figure 1, is a relic For some ve 
early days, taken in 1872. It logic branch of tl 
be interesting to know where that name of Ward & How 
s to-day. Edwin E. Howell, wl 
Akeley went to Ward’s in 1883, **Microcosm’’ in’ W 
ing four years, and associated voted chiefly tO Cor 
William Critchley and William M maps 
er began his brilliant work See Professor Ward 
March-April issue of Natural His travel during the 
In carrving out another ambition 


especially pages 135-146; also 


1 con Tl eolleetior 


\ v’s ‘‘In Brightest Africa.’’ make the most bpp 


meteorites 


Ward’s was a training school for 
ralists. Besides his tTWwo SOTLS, owned by 

‘les H. Ward and Henry L. Ward which gave for it over $100,000 

As Professor Ward gradually rel 


following men are counted as among 
quished control of the establishment 


‘elumni.’’ G. K. Gilbert, Frederic 
\. Lueas, William T. Hornaday, Wil was taken over b; 
n M. Wheeler, Carl Akeley, Walter W@rd, and his two sons, Hawley Ward 
8. Barrows. E. W. Staebner. Edwin E and G, Merrit Ward The sons ha 
Howell, Charles H. Townsend, Georg 
H. Chadwick, Frank C, Baker, and 


Vv his cousin rar \ 


now generously donated the institut 
its stock, business and good-will, to 1 
l'niversity of Rochester in memor 
their father 

The new relationship of ‘*‘Ward’s 


many others. 

Ward’s establishment was never con 
ducted on a purely commercial basis 
“With him (Ward) the idea of edueat 


ng the masses in the natural sciences by 


will be an interesting experiment fF 
an example of the widening trend 
. : educational work 

means of object lessons became an ab 


POSSESSES the beaut 


sorbing passion. He eared for money in connection with 

only to spend it in wider travel and more ef Musie 

collections. And while he found pur The Wards will e 

chasers for great collections as no other aeement of the estal 

man ever did, the huge checks which he vears. While its future oper; i} 

received he always joyfully scattered to determined Ky ) 

the ends of the earth in the purchase of geen in the recent 

more ‘museum material.’ ”’ sulting mineralogist 
Ward’s passion for collecting often on a year’s trip 


overstocked the institution and ‘‘broke search of more mat 
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THEODORE WILLIAM RICHARDS 


untimely ath ot Professor 
at the age oft vears, 
loses its most distinguished 
st. His father was a 
er, whose daughter followed 
eareer. The younger son, Herbert 
Richards, who died a tew weeks 
was for twenty-five years professor 
Barnard College, Columbia Unive) 
and eontributed largely to the mod 
rm «ce velopme nt ol phy slological botan: 
\ ave thus a notable example ol 
distinction and of the relation 
exists between science and the fine 
It may be that this journal will b 
to print an adequate appreciation o 
vreat contributions to chemistry maakt 


I» 


ofessor Richards during his tenure ot 
the professorship at Harvard and the di 

torship of the Woleott Gibbs Memo 
rial Laboratory. In the meanwhile two 
tributes may be quoted from the dail\ 
press which are of interest in indicating 
on the one hand the high regard in which 
Professor Richards is held and on the 


other the intelligent attention now given 


to science by the general public 
The New York Times Sayvs in an edi 


torial article: 


If Lord Kely 
easurement’’ 
be found 

ore W. Ric 

passed one who was a d cuishe er Tribune 

hecause he w: 

I 
measure! 

t determining 
Richards playe 
ntifie news of 

¢ weights, w! 
ty years and 
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ms have 
times as 
fact was ascertained not br 
all by itself, but by determi 
ms in which atoms combine 


leterminations had convineed 
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ELECTRONS AND WAVE MOTIO 


i 


scattenmg of X-rays by a erystal  eleetron beam was 


sults in the production Ol strong SCuU nrediceted by the 


red beams in certain directions, and veloped by 


s fact has always been explained on dinger and « 


he hypothesis that X-rays are an ele numerically 


: _ 7 
vided 


romagnetic wave disturbanes Ol ie 0 action « 
e sort as radio waves and _ visibl the electron Tl 


lanot} 
\< 


The recent experiments of Di tron wave-leng 
J Davisson, reported to the Ameriean ing speed or 
ysical Society, demonstrate that a 100) volts, the 

eam of electrons shows the same cha) equal to the dia 

eteristic seatterine effects as X rays In these ex} 

lhe inference seems to be that there is electrons was 

some sort of a wave-motion associated ordinary Yr 

with the motion of a beam of electrons were accel 

\ few years ago such a statement would age which could bi 
ve seemed scarcely credible, but we are — potential us 

now prepared to receive it with less Si) volts 

scepticism because of recent work in the pinged on a nicke 
ntum theory. them were absorbed 
lhe experiments, which were per seattered back fron 

tormed jointly with Dr. L. H. Germer at erystal Of thos 
¢ Bell Telephone Laboratories, showed back some come bac! 


the observed wave-length ot the any speed the han 
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TELEPHOTOGRAPHS 


Y= are now reading @ copy of the first com- 
plete periodice] that was ever sent over the 
telephone wires as a telephotograph from which 
an entire edition was printed and distributed. 

A single printed master copy was delivered to 
the New York office of the American Telephone 
and Telegraph Company, with instructions to 
transmit as telephotographs, in their regular com- 
mercial manner, the four pages of the sheet to our 
printer in Boston. A few hours later the printer 
was preparing electrotypes from these tclephoto- 

raphe, from which he printed this issue of the 
ulletin. 

This procedure was carried out in order to 
demonstrate to you the results that are now ob- 
tained by this new art in the early stages of its 
commercial! development, and to suggest what may 
follow when the possibilities of thie rapid and 
accurate method of faczimile transmission are 
more generally understood and utilized. 


ONE NEWSPAPER, EAST AND WEST 


In the near future we may expect identical 
editions of certain newspapers to be published 
the same day in important cities throughout the 
country and perhaps the world, thus insuring a 
centralized editorial policy and permitting vari- 
ous economies. In a recent conversation with 
the editor of an important daily, he predicted 
that within a few years through the agency of 
telephotography identical editions of his paper 
onal appear on the east and west coasts on the 
same day. 


—— 


Telephotographs are now being sent between 
Boston and San Francisco in an over-all time, in 
cluding delivery, of eight hours, end for a charge 
of $50.00 per § x 7 picture. The rates are inter 
mediate between the other six stations which are 
strategically located to serve a large part of the 
country. The actual sending time required is 
about seven minutes, the photographic work inci 
dent to the transmission making the total time 
from picture to picture about one hour 

When this service was inaugurated the press at 
once made use of it for the purpose of distribut 
ing pictures having ianions national news 
value, 88 was recently exemplified in the many pic. 
tures which appeared in the press throughout the 
country on the day following the disaster at ¢! 
St. Francis dam. [n epite of the large number of 
news piowsres regularly sent todey the largee 
users of the telephotograph are the financial 
houses. They send cobuleted figures, balance 
sheets and statements with a detail, speed a 
accuracy found in no other method of long dis 
tance communication. 


RAPID TRANSIT IN STYLES 


Other commercial uses are increasing, among 
which the application to advertising is important 
Detailed pictures of the latest Paris mode!s in hats 
and gowns arrive in this country on the same day 
thee they ere released in Paris. Mademoiselle 
attracts attention in a new bathing costume on the 
shore of the French Riviera. An American style 
scout dispatches a photograph by airplane to Lon 
don and thence by telephotograph to California 
That came afternoon Miss Los Angeles christens 
the recreated costume in the waters of the Paci'c 

The police send photographs, signatures, de 
tailed descriptions and finger prints to make pos 
sible the identification and capture of criminals 
Chinese and Japanese characters, hieroglyphics 
structural chemical formulae, diagrams indicating 
new manufacturing processes, me other material 
totally unsuited for ordinary telegraphic trans 
mission are readily sent, as are X-ray photograps 


REPRODUCTION OF A TELEPHOTOGRAPH 
THE FIRST TWO PAGES OF THE Industrial Bulletin or ArTHUR D. LiTrLe. INC.. WHIC! 
TRANSMITTED BY TELEPHOTOGRAPH FROM THE NEW YORK OFFICE OF THE AMERICAN TELI 
AND TELEGRAPH COMPANY TO THE PRINTERS IN BOSTON AS DESCRIBED IN THE TEXT. THI 
OF THE PAGE IS REDUCED FROM SEVEN TO FIVE INCHES AND THE TYPOGRAPHY LOSES IN CLEA 
BY THE REPRODUCTION 
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permit a physician at a distance to diagnose 
rgency case. 

le the value and possibility of telephotog- 

have been recognized for a long time, faith- 

nsmission of a picture has only recently been 

- possible by combining such new develop- 

nts as the photoelectric cell, the vacuum tube 

fier, electrical filters and the use of carrier 


TRANSMITTING SYSTEM 





small area of the Glm. 


currents. Telephotography is, therefore, not the 
result of any single invention, but the product of 
many able minds each working on the perfection 
of one or more of the several codrdinating parts. 


HOW IT IS DONE 


In contrast with the technical difficulties which 
had to be overcome, the principle involved in 
telephotography is relatively simple. A 5 x 7 
positive of the picture to be transmitted is made 
on a photographic film. This positive is mounted 
on a frame in the form of a horizontal cylinder 
which rotates one and one-half revolutions per 
second and in each revolution moves along the 
direction of its axis one one-hundredth of an inch. 
A light beam is sent through the film onto the 
hotoelectric cell at the center of the cylinder. 
he greater the intensity of the light 
falling on this cell the greater the in- 
tensity of the current which the cell” 
pa to pass. Thus when solid 
lack appears on the positive film no 
light falls on the cell and the current 
flowing through the cell is very small ; 
where the film is transparent more 
light falls on the cell and the amount 
of current which it passes is greater 
and in proportion to the intensity of 
the light which it receives. Thus in 
a spiral trace the light beam moves slowly over 
the entire surface of the film and produces a 
fluctuating current which varies in intensity with 
the light and shade of the original picture. This 
electric current is amplified by means of the 
familiar vacuum tube amplifiers and passed 
through the telephone circuits to the various re- 
ceiving points where it is again amplified, and 





THE CONCLUDING PART OF THE ARTICLI 
WOULD NOT GREATLY IMPAIR RECEPTION, BUT 
MISSION OF A TELEPHOTOGRAPH WOULD RUIN 
USE OF THIS NEW MEANS OF 

OM THE DEVELOPMENT IS NOW 


WILL SOON BE USING IT REGULARLY 


C is the rotating cylinder carrying the positive film and P the 
photo electric cell, Note that the light is focussed on a very 


NOT REPRODUCED IN THI 
A SLIGHT 
THE 
COMMUNICATION, 
REGARDED AS LITTLI 
IN THE 


is made to control a light valve. This is a mag- 
netically operated shutter of great sensitiveness, 
controlling a beam of light. The beam plays 
upon a of the same diameter and revolv- 
ing at the same speed as the cylinder at the trans- 
mitting end. On this cylinder is an unexposed 
photographic film which becomes the negative 
from which positive prints 2re made. 

Perhaps a clearer mental picture of 
the mechanism of transmission wil! be 
obtained if the reader will place a 
ruler across the line of capitals form- 
ing the title — INDUSTRIAL BUL- 
LETIN. It will be seen thet each 
letter is made up of a series of dashes 
which in themselves form a broken 
line across the sheet. On this printed 
page the result ic either black or white, 
the light valve having been either. wide 
open or shut; on a photograph the 
intermediate grays would be as ac- 
curately shown, the valve being partly open. 


There are many technical details of impor- 
tance that must be incorporated in such a system. 
It is absolutely essential that the two cylinders 
start and move in synchronism. Impulse motors 
maintained at constant speed by means of tuning 
forks, one of which controls the other, are used 
for the purpose. The starting signal, the tuning 
fork control signal and the pulsating current 
carrying the picture are transmitted on carrier 
currents of different frequencies, in much the s2me 
way that the pulsating current from the micro- 

hone is impressed on a carrier current for radio 

roadcasting. Filters at the receiving end simi:'ar 
to radio tuning coils and condensers seperate the 
different frequencies from the single teleplone 
circuit and allow each to perform its functica. 


RECEIVING SYSTEM 


V is the light valve, magnetically controllet, which varies the 
amount of light falling on the uncaposed film C. 


TRANSMISSION REQUIREMENTS 
EXACTING 

Only the very best telephone lines are satisfac- 
tory for these exacting requirements. Even the 
special lines used for radio chain broadcasting 
are not entirely suitable for telephotography. 
Occasional distortion during a radio program 
PHOTO! \S POLLO S 
AMOUNT OF DISTORTION DURING THE TRAN 
PICTURE. WE IN 
AND BELIEVE THA [ANY EXECUTIVES, BY 
MORI EXPERIMENT, 


ANTICIPATE A RAPID GROWTH 


THAN AN INTER ING 
CONDUCT OF TH I 
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moved to various positions In 
how 


the 


eould 


» find many 


front crystal t 
various 


The en 


tire arrangement was ¢ nelosed in a large 


electrons were seattered in 


directions Ww ithout loss ol speed 


glass tube in which was maintained the 


best vacuum attainable with modern 


technique. 
With this 


ot elect rons seattered 


arrangement the number 


in different diree 
tions was found to depend on the diree- 
tion in the same Way as does the seatte 
ing of X-rays by a erystal. 

According to Dr. 
tion confronting physicists with regard 
the 


Davisson the situa 


electrons is now something like 


to 
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dilemma confronting the theo 
For many vears all the facts ¢ 


to be simply a wave motion 


light coule explained by 


quantum theory, in the hands o 
and A. H 


that radiation had also to be ree 


(fComptor 


Kinstein 
having something corpuscular 
Similarly, for many years elect 
believed to be simply COTDUSCILES 
tive electricity. But now recent 


ments in quantum theory, cont 


these experiments, show that 
something wave-like about then 
The the ay 


contlicting wave and 


reconeiliation of 


corpuseul 


points, both in regard to light 


gard to electrons. iS one ot the 


portant problems for theoretica 
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CASTING OF AN OPTICAL GLASS DISK 


TH 


entifie drama that 


closing act in an interesting se! 


las lasted more than 
eight months has been staged at the Bu 
reau of Standards, Department of Com 
the the 


nace containing a great disk 


meree, with uncovering of fur 
rf optical 
diameter, 1] 


thick and weighing about 


glass, 70 inches in inches 
3,900 pounds. 
When the cover was removed in the pres 
nee of a small but distinguished group 
if seientifie experts the glass was found 


to be practically perfect, and the long 


period of suspense for those responsible 
The 
cessful consummation of this work has 
resulted from the cooperative efforts of 
several men within and outside the bu- 


for its production was over. suc- 


reau, particular credit being due Mr. 
J. Walter Drake. former assistant secre- 
tary of commerce, Dr. S. W. Stratton, 


president of the Massachusetts Institute 


of Technology, Prot 

of Ohio Weslevar 

P. Tt. Bates, Dn 

A. N. Finn, 0 
The disk 


mirror for the 


; 


the 
will be 
cave 
scope of the Perkins Observatory 
Weslevan | 


The money with 


nivers T\ 


| * Ulli\ 
sity by Professor Hiram Mills Perki 
of Ohio Weslevan lt 
establish an observatory of the 
at the 
equipment he of 


this observatory was 


was fis desire 
first ran 
university and that the en 

American manutacturs 
It is significant that Professor Perkins 
had no desire for the observatory to bear 
his name, his sole wish being, as he ex 
pressed it, to enable the students of Ohio 
Wesleyan and men everywhere to ‘‘ lov 


God and serve Him more acceptably 
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Nevertheless, after his death in 1924, his 
name was given to the new observatory, 
work on which had already been in prog 
ress for two years. 

real obstacle to 


There was only one 


delay ultimate achievement—large disks 
of optical glass of the size required had 
this country 
Those that 
been successfully completed are said to 


although 


never been made in and 


only twice abroad. have 


be imperfect, and imperfee 
tions in the glass are not so important 
in a reflecting telescope as in a refractor, 
nevertheless it is always desirable to 
have glass as nearly perfect as possible. 

After attempts to 


obtain a 


unsuecessful 
the 
unique method was developed by 
A. N. the 


glass pounds of 


four 
required, a 
Mr. 
Bureau’s 
eullet 


disk of size 
charge of 

1,000 
(broken glass of the same composition as 
and 4.600 pounds 


Finn in 


seetion : 


the glass to be made 
of sand and chemicals were melted in a 
single large pot in a gas-fired furnace. 
The molten glass was stirred by hand for 
six hours and at the proper time on May 
7, 1927, the pot was tapped. The molten 


elass was flowed into a mold of the re 


quired size which was specially designed 
This mold was at the 


for this purpose. 
same time a carefully insulated anneal 
ing furnace, provided with electrical 
heating elements by means of which the 
temperature could be adjusted and con 
trolled to within a degree. 
The of the 


poured was about 2,400° F. 


glass when 
For 
week the temperature was slowly low 
ered until it 1112° F. The 
glass was held at this point for about 
four days to allow the temperature of 
the glass and furnace to become uniform 
throughout. At 1,112° F. this particu 
boro-silicate crown) Is 


temperature 


one 


reached 


lar kind of glass 
quite rigid and yet sufficiently viscous to 
vield to cooling stresses without dange1 
of cracking. 

seginning on May 18, the glass was 
allowed to cool slowly at an average rate 
of 4%° F. per day till 860° F. was 
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reached. It then anneale 


temperature for six weeks duri) 


was 
time no variation greater than 2 
Final 
on August 30 and room temperat 
attained on January 16. The « 


permitted. cooling was 


finally removed on January 21 
job was done! 

During all these months ther 
assurance as to what would be 
the 
‘*unveiling”’ 
slightest bit of 
start 
the 


changes in 


annealing furnace when 


took place, beea l 


foreign matte r 


might radial cracks 
split 


sudden 


olass 


would glass into frag 
Too 


would be equally serious. Mr. F 


tempt 


his assistants ean now take prid 
fact that the bureau has accomp! 
unique and successful piece of 
Dr. George K. Burgess, directo: 
bureau, points out that the exp 
gained for the scientific staff wil 
creat advantage to the bureau 
any American glass makers who 
wish to profit by the results, becaus 
the information 
available to the American public 
The next step toward complet 


; 


obtained is ulti 


this reflector is to drill a hole at 
Although the majority 


ticians would refuse to grind a ho 


tical axis. 


piece of glass so large as this, exe 
the owner’s risk, on account of th: 
sibility of breaking it, the experts at 
Bureau of Standards 
that this ean be done without any d 
that they will do it at their ow 

After this the disk will be sent 
optician to be ground, polished and 
until it be 
Such a surface has th 


feel SO CUl 


ured’’ on one surface 
parabolie. 
erty of reflecting parallel rays of | 
a focus. It is the curve used in aut 
bile headlight reflectors, only in tl 
of a telescope mirror the curve 
slight that it is hardly noticeabl 
With the completion of this disk 
Perkins’ dream of an all-A 
ican telescope will soon be realized 


fessor 





